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THE REPORT 

OF 

LA.TE ORDNANCE SELECT COMMITTEE, 

On the subject of Bijling the Cast Iran Service Ouns 
without resorting to any plan for strengthening them. 



The above Report, printed by the War Office in 1863, is an 
official document of considerable length, and is drawn up 
with much care. It carries with it also such strong internal 
evidence that the distinguished officers, whose names appear 
on the title page, had every desire to perform their duties 
with strict impartiality to all whose interests were concerned, 
and, at the same time to promote the interests of their 
profession, that the Report could not fail to command the 
official respect which it received from the "War Office, and 
be treated as authoritative and conclusive. 

In taking upon myself therefore the task of calling in 
question the soundness of the views the Committee adopted, 
I am fully sensible that I lay myself open to the imputation 
of presumption. Nevertheless, I may observe that having 
been called upon by the "War Office under the administra- 
tion of the late Lord Herbert to demonstrate my views fully 
in reference to the plan I had submitted for rifling our 
cast-iron guns, which plan he had referred in a special 
manner to the consideratioin of the select Committee, a duty 
devolved upon me which remains unfulfilled so long as the 
' subject continues unsettled and unexhausted. 
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For the ultimate decision of the ifitthorities was a 
peculiar one. It admitted fully and fairly that my invention 
had succeeded, and accomplished all that I ever ^^^umed in 
favor of it; yet, while the credit was awarded to me of 
having effected what was aimed at, I was not to have the 
satisfaction of seeing my labours crowned with any useful 
result. — I was told in the same sentence that I had succeeded 
— ^and failed. 

The question was, and still is, one of very unusual 
public importance. At this moment of political disturbance 
abroad it is even of greater national concern than it was 
when dealt with formerly. The seven years which have 
elapsed have not rendered it obsolete. It has met with the 
cold shoulder and been cast aside, but its relations to actual 
circumstances remain the same as they were. 

Is it to be supposed that because gigantic guns can now 
be made therefore no smaller ones will in future be wanted? 
To act against iron defences of course the power of artillery 
must be made superior to the means of resistance. But for 
all services in which iron defences will take no part, such as 
opposing the advance of troops, or attacks from vessels, not 
absolutely invulnerable ; for protecting land faces ; for 
commanding sea fronts, where, from insufficient depth of 
water, no iron-clad ships could approach, in fact, for all 
the general purposes of war moderate-sized guns will surely 
continue to be wanted as much as ever. Guns of enormous 
weight and power will never really be used for doing 
work which does not require such power. 

Our position therefore at the present moment is just 
what it was ten years ago. Little enough has been done to 
alter it, and the case stands thus.^ 

At a vast cost we have during past generations accumula- 
ted at home and abroad an enormous stock of some forty ov 
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fifty thousand ]ri^ces of heavy ordnance, with the requisite 
ammunition adapted for them. Owing however to modem 
improTements in artillery, this ordnance in its present 
condition is so inefficient as practically to be of little use. 
"We are therefore in this dilemma: — ^Either these cast-iron 
guns must be improved, or else they must be abandoned and 
others substituted for them, how, and when we can. 

The loss to the country which the latter course involves is 
so enormous that it can hardly be stated. It is absolutely 
one affecting public property to the extent of hundreds of 
millions sterling^ in fact, so large a sum that it cannot he 
provided^ and it really comes to this that we should have to 
go without the proper supply, and take the chance of being 
found unprepared for defence. 

To avoid this, to some extent, a plan has been proposed 
and partially adopted for improving these old guns by 
.strengthening them with an inner gun or tube of coiled 
wrought-iron. This, no doubt, accomplishes one object, it 
makes the guns stronger. But in doing this, other consider- 
ations of moment are involved. 

1. — ^The expense of so altering or re-making them is no 
less than twice as much as the original cost of the guns. 

2. — ^It does not enable us to obtain the large immediate 
supply of rifled guns we need, because the labour required 
in so treating them is great; special machinery of great 
power and nicety is wanted for the work, and all the guns 
must consequently be sent to Woolwich or Elswick to be 
converted. 

3. — ^It involves the disturbance and revolution of our 
armaments all over the world, and^;he moving and transport 
of the guns to the factories here^, and then back again to the 
forts. 
'■ 4. — ^The work would interfere with, and prevent the 






execution of other urgent demands on the mechanical 
resources of our national workshops, viz., — ^the making of 
those guns of a different type rendered indispensable- by the 
recent introduction of iron defences. 

For these and other reasons, it may be doubted whether 
the adoption of this plan, the merit of which is due to 
Major Palliser, really affords a solution of the difficulty. 
It is moreover a very open question whether it can be a wise 
economy to spend from £100 to £200 merely to alter an old 
gun, when for comparatively little more money, we could 
furnish ourselves as soon with a new one, possibly some- 
what better, and at the same time retain the old one, which 
certainly has a value as it is. 

There is another alternative — (1.) Cheaper^ because for 
the same money it costs to strengthen one gun as proposed, 
more than a hundred of our guns may he rifled and made 
efficient : (2) More readily available^ because it can be effected 
simultaneously everywhere by portable machinery, without 
either removing the guns from where they are, or interfering 
with the other work of our gun factories ; and (3) not less 
effectual^ because when so improved they would equal the 
strengthened guns generally in practical efficiency, and at 
the same time we should retain the use of the old ammu- 
nition in our stores, which for certain services is known to 
be superior to anything else that can be used. 

Such is the plan that was proposed by me ; it was merely 
to rifle the guns as they stand, in such a manner that with 
projectiles of a particular nature which I had schemed, they 
might be so employed with perfect safety. The cost of doing 
all that the guns required was estimated at the Royal Gun 
Factories to be about 10s. a gun. For nine years this plan 
was tried, and it never was found to fail ; and it forms the 
subject of the official report of which I am about to speak. 



The conclusion. which the Committee came to, is simimed 
up in th§ following words, which close their report : — 



«It will be observed that Mb. Bkitten's resnlts are obtained at a 
cost of much less strain on the gun than those of either of the other 
plans, and the Committee believe that if droumstcmces of urgency 
warrcmt the rifHng of east-iron, it ma/y he done on this system with less . 
risk them omy other they are at present acquamted with** 

** Such guns would, however, if made, be perhaps capable of 
firing round shot, common shell, shrapnell shell, grape or case 
shot, with a reduction of the present service charge, (the reduction 
of the 82-pounder charge from 10-lbs. to 8-lbs., only reduces the 
velocity from 1690 to 1619 feet,)|^and apparently with little or no 
loss of accuracy. They would fire an elongated common shell, 
eontaimng three times the bursting charge of the round shell, and 
weighing twice as nvuehf with half the service charge, or perhaps 
less ; but ohtaining ra/nges exceeding those of the service rownd shot, 
arid possessing much greater precision For those artillery services in 
which low charges are necessarily employed, such as enfilading 
short fronts, dismounting ordnance behind traverses, or breaching 
sunken defences, they would prohdbly equal wrought-vron ordnance,** 



This decision was formed when really the Committee had 
no means of forming an opinion with regard to the ultimate 
capabilities of the scheme. It was quite in its infancy. 
Matters of detail as regards the rifling of the guns, and also 
respecting the construction of the projectiles yet remained 
to be worked out, before anything like perfect results could 
be looked for, either in the length of range or degree of 
precision attainable. All I had been attempting was to 
establish a prima facie case, conceiving that if this were 
accomplished I should have been permitted to carry the 
matter to its completion. 

Taking these admissions of the Committee as I find them, 
I think I might very fairly put this question. — 



If the admitted benefits can, under any circumstances, be 
made available at so little cost and so easily, why should not 
advantage be taken of them without delay? But I will pass 
this point and proceed to enquire what really is that " risk " 
to which the report alludes? 

Now, I have a perfect knowledge of all that was done in 
this matter, and, as it will be seen in the following pages, I 
have investigated the whole question with considerable care. 
Speaking then advisedly, I declare that not one fact ever 
came to the knowledge of the Committee, or can be found 
in the records of their proceedings, that affords the slightest 
ground for the apprehension of increased danger from the 
application of my invention. 

All the facts which the Committee had gathered were 
entirely opposed to this idea. More guns were tried on my 
plan than on any other having a similar object, the experi- 
ments were made on a large scale, thousands of rounds 
were fired, yet not a failure of any kind occurred; nothing 
came to light which by any logical process could be construed 
into evidence of "risk." 

The fact is that the examination of the subject was 
made tardily, and it became embarrassed by trials of 
competing schemes, which, not being similar, raised issues 
utterly false in their relation to the principles on which my 
invention is founded. Irrevelant facta thus got mixed up 
together, and at length the question grew into such a tangled 
mass of confusion, that I feel it almost hopeless now to 
extricate it. I shall however make another effort to do so, but 
I see before me a rather severe work. I have no option 
left but to dig to the very roots of the difficulty, and as far 
as I can demonstrate the extremely subtle considerations 
upon which the real issue depends. I shall have to produce 
and compare a great array of facts and figures, very dry and 



uninteresting to look at superficially, but which, if properly 
examined, willbe found to produce clear light. 

Looking broadly on all that is contained in the printed 
proceedings of the Committee, it appears to me that the 
whole enquiry from the very outset was hampered by 
the assumption of certain premises which were wholly 
unsound. The Committee saw in the results of my expe- 
riments a far greater amount of useful work performed by my ' 
rifled gun, than is obtained with the same gun under the 
ordinary conditions with a smooth bore. Notwithstanding 
therefore that I employed only half the usual service charge 
of powder, the amount of strain the gun had to bear was 
guessed at from the shooting, not measured hy the real 
amount of work which the gun performed in both cflises. 

The proposition is very simple. Does a 5 -lb. charge with 
a 50-lb. shot cause more strain than a 10-lb. charge and a 
32-lb. shot when fired from the same gun ? The decision 
of the Committee really amounts to the affirmation of this. 
But I am sure no individual member of that body would be 
willing to uphold such a view. 

There is said to be risk from the small charge greater than 
the large one. But what evidence is there of this! Of the 
many guns I tried, not one ever suffered, and they were 
tried in every way that could be thought of, and the trials 
only stopped at last because the practical test had exhausted 
itself and so far established the very opposite conclusion to 
that which was simply taken for granted and acted upon. 

As a consequence, the result of all that had been done 
was negative. Our old guns remain at this moment as 
they were, except a few which have been strengthened at 
great cost. 

We have been spending vast sums of money, our gun 
factories have been fully employed, and we have got just 
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1600 rifled cannou in our service, (besides field giius,) which 
call be relied upon for actual service, including the strength- 
ened PaUiser guns. As many at least as Id out of fcen/ 20 
guns belonging to us are still smooth-bored guns. What, it 
is alleged, we cannot do to improve these, other nations have # 
done. Belgium has rifled nearly all her cast-iron guns, and if 
ours were opposed to them the difference in their effectiveness 
would be terribly apparent. France has done the same to a 
very large extent, and so also, I believe, has every other 
militaiy power but Great Britain. 

Now in direct opposition to the views of the late Commit- 
tee I propose to maintain the following proposition, and in 
doing so, I trust it may be understood that I submit my 
views with all proper deference. 

If our cast-iron guns are serviceably safe with the ordinary 
charges used for them^ there are sufficient grounds for believing 
that they would be in no degree less safe when employed as rifled 
gunsy with other conditions of charge which might render them 
thoroughly effective^ and inferior only in a small degree to any 
rifled guns of equal weight that it is possible to construct. 

The latter portion of this proposition belongs to that 
branch of the subject which may be found discussed in the 
after part of this paper. 

I suppose I may assume that cast-iron guns are not too 
dangerous or uncertain to use with the old-fashioned charges, 
because otherwise, the charges would certainly have been 
reduced. A theoretical point therefore presents itself of 
this nature. — 

As the force or the vis viva of the projectile is the resul- 
tant of the expansive force of the charge when exploded, 
acting equally against the bore of the gun exposed to it, as 
on the sectional area of the shot, so the vis viva of any two 
projectiles of different weights, fired from guns of the same 



dimensions, with the same quality, but different quantities 
of powder, must afford direct means of comparing the 
relative amount of lateral pressure or strain produced on the 
gun in both cases : other things being equal, or allowed for. 

It is a fact which admits of clear demonstration, that a 
•32-pounder smooth-bore gun, firing the round shot, with 
10-lb. service charges, really does ^ar more work than when 
firing my 50-lb. projectile with only 5-lb. charges. 

It is proved by the following figures, based on the actual 
measurements which have been carefully made of the 
velocities of the projectiles on leaving the guns. 

Gompanson of the amount of work done by the ordinary 
service charges of po«rder in firing round shot from smooth- 
bored 32-pounder guns, and the work done by the reduced 
charges employed in firing BEITTEN'S heavier prqjeotiles 
from similar guns, when rifled according to his systenL 

82-Pjn>s. Smootb-Bobi 32-Phdb. RirLBD 
Serrice Charges. Serrice Charges, 

Charge of Powder lO-lbs 5-lbs. 

Weight of ProjectUe 31.6 60.36 

Velocity at muzzle, as as- 
certained by Electro-Bal- 
listic Apparatus of Navez 1 690 ft. per sec. . . . 1209.2 

Work done by Powder in 
moving Projectiles, i.e.. 
Weight X Velocity 
squared-::-. 64.3 gravity ft.-lbs. 1,403,600... 1,145,200 

Less work done by the re- 
duced charge in giving 
motion to the heavier 
projectiles ft.-lbs. 258,400 

Proportion, 18.3 per cent. less. 

This is only what the merest superficial glance would lead 
any one to expect, and it accords perfectly with the fact 
observed in practice, that the recoil of the rifled gun, or the 
result of the rearward action of the charge, was, as nearly 
as could be observed, proportionate to the diminished force 
developed in the shot with the smaller charge. 
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But it may be asked, — how does this agree with the 
greater efficiency of the rifled gun 1 There is no difficulty in 
explaining this. It is only necessary that a proper distinction 
should be made between the real or total work^ and the 
UBeful or availahle work done by each gun. 

The 32-lb. round shot is delivered by the 10-lb. charge' 
with a velocity of 1690 feet per second, or nearly half as 
much again as the speed with which air will rush into vacuum, 
which is 1334 feet per second. So great is the consequent 
resistance to the shot, formed by the air compressed in front 
of it, and the vacuum formed in the rear, that in the first 
30 yards of its flight it is found to lose as much as 36 feet 
per second of its velocity. The 50-lb. shot, however, leaves 
the gun with only a velocity of about 1209 feet. The fluid 
penetrated has therefore more time to get out of the way of 
this shot, and re-arrange itself again as it passes through it. 
As a necessary consequence less of its force becomes 
destroyed, and it was found to lose only 9^ feet per second 
in the same distance traversed. These facts have been 
established by accurate measurements taken at this distance, 
and I quote them from the official report. 

From these times of short flight we can calculate exactly 
what is the amount of force lost in each instance, and it will 
be seen to be as follows. — 

Loss, from atmospherio resistance, of the vis viva of pro- 
jectiles of different weights fired with different velocities, 
from 32-poiLnder guns of the same length and calibre, in 
a range of 90 feet from the gun. 

Wiightof ShaL VdocUietcaoertaiiiMdL. VUViva. Difference, 

lbs, feet per sec. ft. -lbs. fL-Ibs. 

Smooth-bore *) qi a C At muzzle, 1690 ... 1,403,600 
charge 10 lbs.) ^ '^ (Atsoyds. 1663.7... 1,361,000 

36.3 vis viva ... 42,600 



Bifled,Brt««ni,') Knqftf At Muwle, 1209.2 ... 1,145,200 
charge 6.1bB. j ^"'"^^ (.At 80 yds.. 1199.7 ... 1,119,200 



9.5 ... vis viva ... 26,000 



Total di£ferenoe of loss of e£feot in travelling the 

distance of 30 yards from the muzzle of eaoh gun. .. 16,600 
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In longer ranges the difference becomes much more 
marked, and the actual results maj be determined with 
tolerable exactness relatively by the observed times of flight 
which have been noted. I compare the same guns and 
projectiles thus : — 



Loss of Bange and tIs viva of solid round shot, fired from 32-poiLnder 
servioe gnns, with servioe oharges, oompared with that of the heavier 
prcgeotiles fired with half the same oharge from similar guns rifled on 

Britten'8 system. 



Smocth-Bore SZ-pounder, 

Ascertained re- ^^*^^ ^^ ***•» ^^ ^^'^ »»• 

locity at Miuzle 1690 ft. ... Vis Viva 1,408,600 ... 

Ditto at 80 yds. 1653.7 ... „ 1,861,000 ... 


Britten's Rifled 92-pound«ri 
Charge 6'lbt,s EUmgated SheUL 50.86 »f. 

1209.2 Vis ViTa 1,145,200. 

1199.7 , 1,119.200, 




Range 
yardj. 


Time of 
FUght. 


Mean 

Velocity, 

ft. per 

sec 


VisViTa 
a-lb8. 


Range 
yards. 


Time of 
Plight, 


Mean 

VelocHy, 

ft. per 

sec. 


VisVira. 
ft-lbs. 


2o elevation* 
50 „ • 


1172 
1882 


3.59 
6.59 


979.3 
856.7 


477,200 
365,200 


1010 
2100 


2. 9 
6. 4. 


1045 
984.3 


849,200 
753,400 



From this it is perfectly clear that with the ordinary charges 
adopted for smooth bore guns, a very large proportion of 
the work done is simply expended in beating the air ; while, 
with the conditions which I applied to the guns, there was 
very much less waste. The 10-lb. charge does more actual 

• The round shot praotioe given here shews the mean reenlts, as 
stated in the Oommittee's report, of 20 rounds at each elevation 
fired at Shoeburyness, in August, 1861, with fall servioe charges 
and common round shot, out of Britten* s Hfied, gun, to compare with 
an equal number fired at the same time from a similar gun, smooth- 
bored The ranges of the rifled and smooth-bored guns proved equal, 
but the accuracy of the rifled gun was somewhat greater. 

The object of this experiment was to test the rifled gun as regards 
adaptation for firing the spherical projectiles of the service. The 
gun was in no way injured by it. 
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work than that of 5-lb. in the proportion of 140 to 114 
But as the lighter and more active round shot penetrates 
through the resisting medium, its living energy is more 
rapidly destroyed than that of the slower and weightier 
projectile, so that in the course of 1000 yards the latter 
retains more life in it than the other, in the proportion of 
no less than 85 to 48. In 2000 yards the proportion is 
75 to 36. 

These facts fully account for the phenomena which 
presented themselves in obedience to physical laws, and they 
prove indisputably that the rifled guns could not have been 
doing any eostra duty as it was assumed they did. If the rifled 
gun had been fired with charges which produced more force 
than that of the larger service charge in the smooth bore, 
thta must have shown itself in the force of the shot as it emerged 
from the muzzle. 

It is very remarkable that this view of the question does 
not appear to have suggested itself to the Committee who 
had to investigate it, for in no part of their proceedings is 
any allusion made to it. They do not appear to have 
attempted any diagnosis of the results, but merely took the 
bare results as they showed themselves in the longer ranges 
of the heavier projectiles, and assumed these to be the 
proper criterion of the duty performed by the gun in 
controlling the charge. 

But it may be said with perfect justice that this line of 
reasoning only applies to cases where the projectiles would 
be equally free to move through the gun, and one gun being 
rifled an allowance has to be made. There might be a very 
serious obstruction arising from this ; and the Committee had 
before them the undeniable fact that many of these cast-iron 
guns had burst when firing charges which produced no more 
force in the projectile than I obtained. I shall presently 
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endeavour to trace the causes to which I consider these 
failures may fairly be attributed, and which do not exist in 
my system; — but in the first place let it be estimated to 
what extent the rifling could affect the safety of the guns 
as I employed them. 

It is by no means difficult to determine, with tolerable 
precision, what extra work the rifling involved with my 
system. There are two forces to be measured. — ^That which 
is employed in giving rotatory motion to the projectile, and 
there is the resistance due to the friction upon the guiding 
sides of the rifling while this work is being done. — It is 
moreover to be remembered that the rifling itself would take 
away something from the substance of the gun. What then 
does this altogether amount to ? 

The grooves I employed were one-tenth of an inch deep, 
and the thickness of metal round the bore is 7^-inches 
at that part where the strain is at all severe; this 
consequently could not interfere much with the strength of 
the gun. One of my competitors boldly employed helical 
channels just three times as deep as I did, and this gun, a 
32-pounder, similar in all other respects, never failed, 
although fired 2000 rounds with 1-lb. more powder than I 
used, and shot as heavy aa mine. The twist in the rifling 
of my guns was one turn in 48 feet, (90 calibres ;) at the 
velocity imparted the shot, if it strictly followed the course 
of the grooves, would thus make 20 turns in every second, (in 
the Whitworth gun, the rifling has one turn in 8-ft-4, and 
the shot makes 240 turns per second.) 

The force then required to make my projectile spin at the 
above speed can easily be estimated, and may be seen to be 
comparatively insignificant. Treating it like any other 
cylinder revolving about its axis with the power applied 
directly to its periphery, and allowing for the centre of gyra- 
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tion to be somewhat beyond that of a solid cylinder, the 
force required to turn it would be something less than 2 per 
cent, of that represented in the vis viva of the shot. 
The resistance from friction may likewise be reckoned. 
Making full allowance for the nature of the rubbing 
surfaces, it could not possibly amount, in mechanical 
effect, to more than about ^ of the pressure that is required 
to turn the shot^ so that really there is nothing in these 
forces taken together of sufficient magnitude to be worth 
regarding. They could not be more than equivalent to 
the resistance of an additional 20 ounces to the weight 
of the shot, if free from any rifling. 

If however an allowance were made of twice as much 
force as a true calculation shews to be the correct estimate 
of the resistance due to the rifling in this gun, there would 
still remain a difference of nearly 15 per cent, less total work 
done by the rifled gun than the smooth-bore with the heavier 
service charge. 

I may mention a fact which affords a practical proof 
of the resistance from the rifling being but small.-.- The 
distinctive principle of my system of projectile, is that 
the rifling shall only act upon yielding surfaces of soft metal, 
such as lead. The shot go into the gun without any studs or 
projections upon them ; instead of these I have an envelope 
of lead, securely attached to the rear of the projectile going 
next to the powder^ and so formed that the force of gas upsets 
and squeezes the soft metal into the grooves for about an inch 
and a half up the cylinder. The lands of the shot, so moulded 
by pressure, become more or less sheared away, in doing the 
work for which they are designed, that is, to guide the shot 
round on its axis. They cannot offer any greater obstruction 
to the shot passing out of the gun, than the force it would 
take to cut them off altogether. — This actually occurred 
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in my earlier experiments with two cast-iron 9-poundcr 
service guns, which were rifled, (contrary to my desire,) with 
a rapid twist (one turn in 5-ft-6.) The guns were never 
injured by the firing of about 70 rounds, with consider- 
ably heavier charges than I have since employed; but the shot 
recovered after being discharged, shewed that the lead had 
been properly forced into the grooves, but the grooves had 
simply sheared the lands away like so much putty, all that 
remained were indications on the lead of where the lands 
had been. 

As I employed the 32-pounder guns, the work done by 
the rifling can be fairly measured by its effect in shearing 
away so much of the lead it acts upon, and it amounts to 
this. — ^Af ter being fired, it is found that every land on the shot 
is just about a quarter of an inch narrower than the grooves 
of the gun, the difference being caused by just so much lead 
being rubbed off in the performance of duty. What work is 
thus done is represented by the grinding or shearing away four 
little slices of lead, 1^-inches long, quarter of an inch wide, 
and a tenth of an inch thick. This is all. 

Now considering what is involved, if the conclusions which 
I have thus been led to form should really be correct, I feel 
that it is not too much to ask that the several points I 
have here brought forward may receive careful consideration. 

I am fully sensible of the situation I am placed in when 
urging this. Personally, I am satisfied that there was no 
one member of the late Ordnance Select Committee who 
would not have been glad to recommend the adoption of 
these improvements, if he could have done so with a 
conscientious belief that they would have been productive of 
public benefit. I am also duly sensible that the gentlemen 
who formed that Committee, all of them highly scientific 
military or naval men, commanded from their high official 
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station the widest range of knowledge that could be acquired, 
respecting a technical subject like this. But on the other 
hand, I may have devoted probably more time to the study 
of this particular question, than any member of that body 
can have been expected to do, in the laborious routine of 
multifarious official duties ; and this special study has only 
shown me more and more clearly that the views the Com- 
mittee formed, must have been based on error. How widely 
these views differed from mine, may be plainly seen by the 
following explicit statement in their report. — 

<< It remaine to answer a qnestion of much greater pnblio impor- 
tance than the relative sncoesB of different Competitors, in their 
endeavonrs to meet the requirements of the Secretary of State, 
namely, whether any of their plans, or of the others tried with them, 
are suitable for adoption, and whether it is desirable to introduce cast 
iron rifled guns for land or sea service. The Committee must avow 
a considerable mistrust of cast-iron of the quality turned out by 
English foundries, as material for rifled cannon, except with such 
restrictions as to charge, as would limit them to the uses of 
Eowiizers. Thebe is Pkoof that Cast-ibon Guns occasionallt 
Possess Ample Stbenoth ; this is evidenced by the Lowmoor gun, 
oval bored for Mb. Lancasteb, having resisted 2000 service rounds, 
and by Mb. Bbitten's having stood an equal number; but the 
ordinary inequality of endurance, which causes some cast-iron 
smooth-bored guns to be condemned much earlier than others, 
must attach to the material in any form, and in rifled guns would 
produce a greater number of failures, and failures at an earlier 
stage, in proportion to the greater strain v^pon them." 

But is there any greater strain? If so, how can the 
figures be explained which I have given ? Their evidence 
is powerful, and unless it can be shewn that they are 
fallacious, the whole superstructure of the above conclusion 
falls. And it is founded after all on an assumption. No 
evidence is adduced to support it ; and there is the contrary 
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evidence of the fact that my guns stood every test applied 
to them. Were they all exceptionally strong ? They were 
made by different makers and at different dates. 

It does not appear that the convictions of the Committee 
were very strong or clear upon its being unadvisable to adopt 
these improvements, for I find by their report to the War 
Office, dated 3rd June, 1861, the following sentences. 

** It is their opinion that it is not, at Tpresent^ worth while to rifle 
** cast-iron gnns on a la/rge scale." Fnrther on. — " Muzzle-loading 
* * rifled gnns, snch as the service guns will be, if rifled, are likely 
«to be preferred, in some sitnations, to breech-loaders ; and that 
<( economy and facility of supply, if combined with a good degree 
*' of efficiency, must constitute advantages not to be lightly over- 
<' looked. On these grounds, however great the absolute supe- 
** riority of wrought iron, when perfect, over cast iron, they consider 
*< the hope, of at least being able to rifle the latter, should it become 
« necessary, had better not be abandoned. They consider also 
** that the time and labor devoted by each of the competitors to 
** the perfecting of his own system, requires that a decision should 
«be come to as to their relative merits, and also that the present 
"opportunity should be taken for setting at rest the question 
<< whether the material itself is ca^dble of standing the stradnput 
«« vpon it when heawy projeetiUs a/re fired. The only way to satisfy 
« these ends is to conclude the competitive trial, and afterwards to 
<<flre all the g^ns with their proper service charges and projectiles 
"till they burst. If so many as seven 32-pounders, rifled on 
*< different systems, all exhibit a satisfactory degree of endurance 
** by standing 1000 or more rounds no hesitation need he felt in rifUng 
*' east-iron gwis, should the demand increase beyond the power of 
«* supply in wrought iron j should even a few of them do so, and 
" their strength be referable to any special principles of construc- 
** tion or system of projectile, a definite result will have been 
*« obtained by the whole enquiry j but to stop it at this moment will 
«* be to throw away all that has been done, and to leave grounds 
**for reopening the question at a future day." *« Looking to the 
*• importance of the question, both in a military and financial point 
** of view, the Committee do not think the cost of doing this would 
** involve an extravagant outlay." 
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These judicious recommendations were duly carried out. 
All my guns were tested for endurance till the War Office 
became tired of supplying them with ammunition, and up 
to this day not one of the guns has failed. One gun 
has fired 2000 rounds, twice the number which the Committee 
stated would be required to give satisfactory proof; and 
there is nothing to shew that it could not fire hundreds of 
rounds more as successfully. 

But since this report an official discovery has been made 
which entirely alters the aspect of the whole question. 

For many years the powder we have been using for heavy 
ordnance has been stigmatised by foreign artillerists as 
"poudre brutale," it being subject to such rapid combus- 
tion that its effect on the gun was unnecessarily destruc- 
tive. This subject was at length referred to a Com- 
mittee of scientific officers at Woolwich, and they have 
examined it with great care and ability, experimenting with 
instruments of extraordinary precision. This Committee 
has within the last few months presented a preliminary 
report of what they have already done, and the result is 
that powder is now being made and supplied for heavy guns, 
which, while it produces with equal charges greater velocity 
in projectiles, the intensity of strain it occasions to the gun 
is only half that which the guns had to hear when firing the 
^^ poudre brutaleJ^ As the guns never failed with the des- 
tructive powder which I used, there can I think be no question 
about their being safe with the new. 

If then the authorities were solely influenced in their 
decision not to take advantage of my invention by a vague 
apprehension of "risk," which they admit it was impossible 
to refer to any positive reason, this plea can no longer he 
urged. 

It is therefore simply for the present government to decide 
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whether they choose to keep these guns in .their present 
inefficient state, or to improve them at once. To abide by 
the other alternative which has been admitted, viz. not to 
rifle them till they are strengthened, is to hamper the gun 
factories with needless work, and to spend £120 or £150 a- 
piece in converting the guns, when a few shillings would 
suffice, and in that case we must be content to wait for an 
indefinite time before obtaining that reinforcement of our 
strength in artillery which is needed to place this country on 
an equality with other nations, which have done the work 
while we have been hesitating. 

But it may be asked. — Supposing the cast-iron guns were 
rifled in their present state, would it be possible to get as 
much out of them as would make it worth while to have the 
work done? 

There is no doubt that a wealthy nation like Great 
Britain, cannot afford to be armed with inferior weapons ; 
and it must be admitted at once, that no reasonable expen- 
diture ought to be spared, in providing ourselves with the 
best that can be obtained. But at the same time it would be 
mere folly to incur any expenditure that did not produce an 
adequate return ; and even assuming that there is a prospect 
before us of attaining in time to a point of perfection in our 
artillery, only to be reached however by much labour and 
delay, it might still be a policy of doubtful wisdom to refuse 
in the meantime to make the best of what we possess, if it 
can be done at not too great a cost. I might point to the 
fact, that by a mere trifling outlay, our cast-iron guns, when 
rifled, would have an immeasurably greater efficiency than 
they have at present, inasmuch as they would command a 
distance of 6000 yards with greater precision than they now 
have at less than half tlie distance^ and this with projectiles half 
as heavy again as the solid round shot^ and consisting of shells 
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that hold three times as heavy bursting charges as the sjyhencal 
ones. This has been established, Tliese advantages more- 
ever, would be but additions to their present capabilities, for 
there is no service for which they are adapted in their 
present state, which they would be in any degree less adapted 
for when rifled. A.11 the old ammunition, including red 
hot shot and molten iron shells, might be used precisely as 
hitherto, And these additions to the efficiency of our guns 
may be made without causing any violent revolution in the 
service. At first the new projectiles might be regarded as 
merely for special services. Why should there not be a 
supply of them kept, to be used if desirable, as there is of 
shrapnell, case, or other particular kinds ? 

But even this might not possibly be thought enough, 
because it may be said that the guns must be judged by the 
standard of other rifled guns, and must have some relative 
degree of efficiency to the modern artillery, which they might 
have to compete with. 

This point is discussed by the Committee very clearly, in 
the following extract from their report. — 

<« The Committee assume that the intrinsic superiority of wrought- 
<« iron guns, as manufactured by SiE Wm. Aemstronq, over cast-iron 
" guns, is a fact which will be universally admitted. The almost 
*« immeasurable superiority of the former over the latter, in point 
« of strength and endurance, has been placed beyond dispute ; and 
<< although more liable perhaps to total destruction by the e£fect of a 
*' blow from an enemy's shot, this is a contingency of small practical 
« moment; the general effect of any direct blow being to make a 
<< cast-iron gun also unserviceable, as is fully evinced by 56 cast-iron 
«« guns disabled in the siege of Sebastopol. The question then 
*' appears to turn chiefly on first cost, and facility of supply. With 
" regard to cost. — 

*« A smooth-bored 32 -pounder service gun of caat-iron, costs by 
'* contract, about £58, the rifiing will add less them £1 to this amoibnt. 
<« An Armstrong 40-pou7ider, which ma/y he treated as the rifled 



21 

** equivalent of the ^2-pounder, costs at present £360. The difference 
** is indeed considerdble.* 

"Bnt a consideration of eqnal, if not of greater importance 
" than that of the greater endurance of TTronght-iron guns, is the 
** facility of snpply. Cast-iron guns exist in vast numbers, and 
" many of them are doubtless as fit for rifling as if they were newly 
** cast for the pnrpose. They could be procured from the usual 
" contractors in numbers with great rapidity, and at a small advance 
" on what they now cost in a smooth-bored state. The question is. — 
'* Does so urgent a demand exist for heavy rifled guns as to make 
" it expedient to draw upon this source, instead of -wmting tmtU 
** torought'vron gwfis cam, take their place ?** 

Evidently then the idea entertained was to abandon all the 
old stock ; to sacrifice the millions of money it has cost, and 
to take the chance of our not requiring to use arms, until 
we can find the means and the time to make new ones. 

Within two years of this date, it came out before a 
Committee of the House of Conmions, that two millions 
and a half of public money had been spent on the Armstrong 
guns and projectiles. Nearly 3000 heavy guns of this 
" superior " kind had at that time been constructed, and as 
specimens of skilful workmanship they were perfect; but 
they are all now laid up in store, and it is probable they will 
remain there — they are condemned. 

As regards the shooting qualities and the strength of the 
Armstrong guns, there can be but one opinion, they are 
absolutely perfect; and, but for an unforeseen difficulty 
about the moveable vent pieces, they would, no doubt, be 
retained in the service, and be thoroughly good guns. They 
are made of such material, that in fact it would be almost 
impossible to burst them: without the smallest risk, they 
may be fired with any charges of powder. But though so 
strong, it has been found that there is Romothing which 
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prevents more than a certain amount of work to be got out 
of them. The inexorable laws of nature ruled, that as action 
and redaction are equal^ and contrary^ so eveiy pulsation of 
force, which is brought to bear against a projectile in a gun 
must, of necessity, have an equivalent, acting against the 
gun itself, to drive it backwards; if all other conditions 
were the same, the gun would fly as far in one direction as 
the shot does in the other. To prevent this, the gun must 
have weight in proportion to the force employed. K the 
strength of the material it is made of were infinite, so as to 
resist any amount of lateral pressure, still so much of the 
material, or something else in lieu of it, must bo used, in 
order that there shall be a mass of matter sufficiently 
ponderous to absorb the rapid reaction of the charge against 
the closed end of the bore, so that the recoil of the gun may 
be controlled. To check or manage this recoil in the 
wrought-iron guns, everything was done which genius, 
backed up with unlimited mechanical resources, could effect. 
Inclines, compressors, hydraulic buffers, all sorts of contri- 
vances were tried, with more or less success, and at length 
the limits of the power in the gun that was available were fixed. 
The 40-pounder Armstrong gun which the Committee 
allude to, as the equivalent of my rifled cast-iron 32 -pounder, 
happens to be the most perfect example of the Armstrong 
system of strong guns. The service charge adopted for it 
was of course as large as could be used with it, regard being 
paid to recoil. Now it happens that the charge adopted for 
this gun, was precisely the same as I used for my cast-iron 
32 -pounder ; I will therefore endeavour to carry this 
comparison further than the Committee did, and show the 
results obtained with both guns, firing equal charges of 
powder. I shall also include among the figures a comparison 
of two other guns. 



Effective Workdomhy service charges of powder in Rifled Cast-iron 
service Guns, on Bashley Britt«n's it/stem, compared with Armstrong 
Breech-loaders, and Palliser or Wroughf-iron Guns. 

Britten't 32-paiiiider Ttlfled Caat-iran service Qon, cliarge 6-lbs., projectils 
50-lbB., initial yelooitj 1213.5, Vis ViTB at mnzale 1,146,200 foot-lba. 

Armstronj 40-poaDder Breech-loader, (long,) charge 5-lbs., projectile 
41-lba., initial velocity, 1164.3, Vis Tjva at, muzzle 876,000 foot-lba. 
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There is nothing uncertain or merely conjectural in these 
figures. They represent actual results officially ascertained 
and recorded — stubborn facts not to be gainsaid. I ask then, 
where is the evidence of vast superiority in the new gun, 
costing £360, over the old one improved for a few shillings ? 
It is true that its great strength enables a heavier charge of 
powder to be used in proportion to the weight of shot, but 
what does it do with it ? 

The weaker gun is far the more powerfdl of the two. As 
regards flatness of trajectory or length of range, at such 
elevations as are for the most part employed, tlie Armstrong 
gun JioB no advantage; for up to 6® or B® elevation, the range 
is equal. 

I suppose there can be but little doubt, that the best test 
of artillery efficiency is hard hitting ; if so, this wrought-iron 
gun is seen to be very far inferior to the rifled cast-iron gun^ 
at any distance within which either of them would ever he used 
in warfare. Of course against iron defences neither would 
be of any use, nor would any gun of less than three or 
four times their weight.* 

At about 1000 yards, the distance which it is of the 
greatest moment to consider, as it is that at which artillery 
is most valuable, the cheap old gun, with its equal service 
charge, will strike a heavier blow in the proportion of 849 to 
699, and even up to 3500 yards, which may be considered as 
the limit of practical ranges, it is still superior. 

I see no way of reconciling this fact with a statement in 
one of the foregoing extracts, that rifled cast-iron guns would 
be " limited to the uses of Homtzers,^^ 

In this table I have also compared my rifled 68-pounder 
gun, with the Palliser or wrought-iron muzzle-loader. For 
these latter guns, the charge which has been provisionally 
adopted for service, is extreme. The force of recoil produced 

• The question of penetration is considered in the after portion of 

this paper. 
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by it is so enormous, and tells so heavily on the carriage and 
platform, that under many circumstances it would be seriously 
objectionable, if not inadmissable. 

Every attempt to employ still heavier charges has resulted in 
either the destruction of the carriage or the wood platform 
from the shock occasioned by the resistance of the compres- 
sors. Several 68-pr. guns were lined with inner tubes, so as 
to convert them into 7-inch guns to fire shot of 115 lbs., with 
14-lb. charges, but it was found utterly impracticable, as the 
recoil smashed everything that had been specially provided 
of double strength. 

My GS-founder yun, with 7| or S-Jb. eharyes, hits harder 
than the other at short ranges in fhe proportion of 141 to 120 
and at a distance of two miles its force would he superior in 
some such measure as 118 to 97. The recoil of my gun is only 
about two-thirds of what it has when fired as a smooth-bore 
with a ftdl service charge. 

As regards precision^ I regret that I have not the means 
of instituting a fair comparison, owing to the imperfect 
conditions under which my guns were tried. 

Neither the rifling of the guns, nor the projectiles supplied 
for them were sufficiently perfect of their kind to afford any- 
thing like the accurate shooting that might eventually be 
obtained ; and although I may candidly admit that I do not 
believe my system could ever fully equal the Armstrong, for 
precision, I can appeal with some confidence to what has 
already been done under most disadvantageous circumstances. 
I give in the table a few average results obtained at Shoe- 
buryness, when firing at long ranges. It is my conviction 
that if the system were allowed to be worked out, the degree 
of its inferiority in this respect, (resolving into a question of 
inches rather than yards,) would be found too small to be of 
the slightest practical importance. It might show itself in 



26 

mere target practice at known distances, but would never be 
felt in actual service where mathematical niceties could not 
be observed. 

It might be said that the Armstrong gun is lighter than 
the other. It certainly should be so, or its superioritj in 
strength goes absolutely for nothing. Let this be compared. 
I take the vis viva of the shot at the muzzle as affording 
reliable data determined by accurate measurements, and I find 
the proportions between the weight of the two guns, to the 
force of the shot fired from them, to be but slightly dissimilar, 
and altogether out of proportion to the relative strength of 
the material of the guns.* 

Vis Vira of Projectile at mtUEzIe in pro- 
pcntion to weight of Ouns. 61b. charges. 

^'tlr'; weg^'i^r?!^} - 23.970 ft-lbe. to 1 cwt. 
CMt-irra Eifled 32.pr., weighty g^ 460 ditto. 

DO cwt ) ' 

At distances a similar comparison shews the approximate 
proportions to be,— 

AnMrong ^hpr, B^Ud S2-pr, 

At about 1000 yards' range 16,400 16,160. 

„ 2000 „ „ 16,170 13,450. 

„ 3300 „ „ 14,770 11,050. 

The consideration of what is indicated by these figures may 
possibly suggest a point which it is my intention hereafter to 
discuss. Here are two materials employed, one having a 
greater tensile strength than the other, in the proportion of 
60 to 19 ; all that is done with it is to produce somewhat 
greater efiects at long distances, where they would be but 
little required, and in order to do this, greater eflfects at those 
distances which are more important to consider, are absolutely 
sacrificed. The gtm has yet to he designed, which shall 
properly utilize the strenyfh of the fine material we have now 
brought under command. 

There is another point to which I must allude ; durability. 
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It is alleged that the wroughfc-iron guns are "immeasurably 
superior,'* because they would wear longer, and although 
nearly five times as costly, we ought to make them, as, in 
the end, they might not prove greatly more expensive. 

In reference to this I ask, how many guns of this class, 
or perhaps of any other, ever are worn out? We have 
thousands of guns yet in the service as good as when they 
were first made, which are more than a century old. Of 
the twelve or fifteen hundred guns in position or in store at 
Malta alone, how many of them have ever fired 500 rounds? 
Of the scores of thousands of guns that altogether we 
possess, and must have in case of need, have ten in every 
hundred ever fired fifty rounds? 

The siege and bombardment of Sebastopol was by far the se- 
verest trial of artillery for endurapce upon record. There were 
233 British guns, (besides mortars,) employed ; most of these 
guns fired above a thousand rounds ; those first placed in 
position averaged 1500, and many of them fired between 
2000 and 3000 rounds. Out of all these there were only 
five failures, either from some fault in the hurry of loading, 
or from the bursting of shells in the gun, or from some other 
cause not known, five of them certainly burst. 

But this can hardly be called shewing want of endurance, 
when the 233 guns are known to have fired in all about 250,000 
rounds : had they been all wrought-iron rifled guns, would they 
have done better? Does the experience of Shoeburyness 
justify the belief that there would have been fewer failures? 
There might not have been a single gun burst : but endurance 
does not depend only on the strength to resist pressure, it 
involves the chapter of accidents, including the occasional 
premature explosion of shells before leaving the gun, the 
effect of which is invariably to render it wholly unserviceable 
till it has been re-lined, re-bored, and re-rifled. This could 
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not be done in the trenches. Then there is the wear, not 
upon the guns strength, but upon the surfaces of the little 
narrow spiral ledges of the rifling. There is the scour of 
the gas worked at extreme intensity of pressure at every 
discharge, doing some injury to these, and there is the 
ftiction acting upon them unequally in places. The rush of 
gas over the top of the shot at starting scoops out channels 
in the bore of the gun, which has been technically termed 
at Shoeburyness "guttering.** So serious is this found to 
be that the guns are now made with the trunnions placed 
central to the axis, in order that when one side of the gun is 
worn out by the "guttering" it may be turned over on the 
carriage, and a new vent made on the opposite side. 

Anything, no matter what, which may have the effect of 
bruising or injuring the well-deflned edges of the rifling in 
one of these guns instantly put it as completely hors de 
combat as if it had burst. A blow no harder than what a 
child could strike with a hammer, directed against the edge 
of one of the grooves, would effectually prevent the studs on 
the shot from passing down the gun. With Armstrong 
breech-loaders the supply of vent pieces might fall short. 

As there is every reason to believe, from the trials made, 
that any cast-iron gun, properly rifled, and fired imder such 
conditions as I applied to them may be expected to last for 
2000 rounds at least, I can hardly believe that this would 
not he sufficient, even if it were beyond all question that 
wrought-iron might last longer. 

Cast-iron guns have served us well hitherto, and though 
an occasional accident has occurred from the bursting of a 
gun, either from being defective, or from not being properly 
served, the instances are rare, and the danger so arising can 
hardly be deemed a great addition to the perils of our 
gunners, and certainly it has never yet been found to make 
them afraid to perform their duties. 
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I have now to deal with another branch of the subject, 
which requires careful attention. 

The committee had tried a great many cast-iron guns, 
rifled according to the suggestions of several other persons 
besides myself, and so many of these had failed with only 
moderate charges, that a general distrust in cast-iron became 
engendered. 

I propose therefore to endeavour to explain the probable 
causes of all these failures. — 

It is not without great reluctance that I approach this 
part of the enquiry, for I would willingly avoid the unplea- 
sant task of criticising the efforts of my competitors ; but 
it is necessary that it should be done, because till these 
failures have been traced to their proper causes, and it can be 
shown that these may be avoided, confidence in rifled cast- ' 
iron guns can never be thoroughly established. 

I find in the Committee's report suflScient information to 
enable me to make out a correct list of all the rifled cast-iron 
service guns which have been experimented with, and to 
distinguish those that burst. 

It appears that eight different rifle systems were tried, all 
of them more or less distinct in principles, which seriously 
affect the strain on the guns. To class these all together 
without considering what is involved in the distinctive 
features of each system would obviously be absurd. Every 
rifle-shot is of course but a piece of metal of the nature of a 
screw. It is so formed that there shall be an inclined plane 
projected on its surface to act on a corresponding inclined 
plane within the gun, so that there shall be a more or less 
direct opposition to motion. If then this inclined plane be 
steep, or what is the same thing, the thread of the rifling 
make a rapid turn, and so approach nearer to that angle to the 
direction of active force which would cease to be an incline. 
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but present absolate opposition, the resistance of course 
would be greater. In like manner if the inclined plane had 
inequalities on its surface which presented points of direct 
opposition, the resistance would then be absolute, unless 
these points gave way. The smallest pebble on a hill-side 
would be sufficient in itself to stop a carriage-wheel, whatever 
might be its speed, unless the wheel could jump over it, or 
crush the pebble out of the way. 

In making out the list of guns I shall do what the Com- 
mittee do not appear to have attempted, that is to divide 
them into two distinct classes. 

CLASS I. 

List of the rifled cast-iron service guns, which were tried 
with projectiles liable to jam or get locked in the gun in 
consequence of the rifling acting upon rigid projections or 
lands upon the projectiles. 

Guns, 32-pr8. of 68-cwt. each. Cham. 

tb$, 

1 Armstrong, Shnnt 5^ 

1 Ditto ditto do 

1 Ditto ... hooped do 

1 Ditto ... ditto do. 

1 Capt Soott*B 6 

1 Ditto do 

1 Froncli 6^ 

1 Mr. Haddan's 7 

1 Mr. Lancaster's 6 



ojectile. Ron 
66 ... 40 


mds fired. 


(burst.) 


do. ... 327 


do. 


do. ... 4 


do. 


do. ... 12 


do. 


48 ... 78 


do. 


do. . . . 909 


do. 


64 ... 107 


do. 


64 ... 216 


do. 


60 ... 2000 


(not burst.) 



CLASS II. 

List of the rifled cast-iron service guns, which were tried 
with projectiles not liable to jam in the bore, the rifling 
acting only on yielding lands of lead. 

Guns. Charge. Projectile. BonncU fired. 

S2-pr., 58-cwt.... Mr. Jefferys... 6| 
32 -pr., ditto ... Mr. Thomas... 7 
9 -pr., 17-cwt.... B. Britten's 



1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 



ditto ditto 

32-pr., 56-cwt. 

„ 58 

„ 58 

68-pr.,95 

95 

95 

95 



>9 
if 



>> 



>9 
it 
>9 
99 



5^ ... 


49 


363, (burst.) 


7 ... 


57 


67,(notbnrBt.) 


If to 2 


15 


12, 


do. 


If ... 


. 15 


54, 


do. 


5to6 ... 


49 


345, 


do. 


5 


60 


2000, 


do. 


6.5 ... 


50 


10, 


do. 


6ito8... 


90 


110, 


do. 


7i ... 


90 


10, 


do. 


7k ... 


90 


10, 


do. 


7i ... 


90 


300, 


do. 
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Further trial a V outrance of BriUen^s unstrengthened 
rifled cast-iron service guns, with similar projectiles, but of 
increasing weight. 

32.POUNDER, 58-cwt. No. 1. 
10 rounds Charge 5|-lbs Projectile 48-lb8. 

^^ i> >> n 

^^ >> >l » 

*^ >> ♦> >} 

"^" »> » ii 

4i ,, Burst 



» ""*"*"' ••• *i >i 



»» 


72 


99 


96 


ff 


115 


9> 


140 


9> 


165 



82.POUNDER, 58-owt. No. 2. 

10 rounds Oharge 5|-lbs Projectile 48-lbB. 

10 $9 » » 9> 72 

10 . 99 99 99 99 96 

10 9, » » i> 120 

10 » » M >» 1*^ 

7 ,9 Burst ... „ „ „ 163 

68.POTJNDEK9 95-owt. No. 3. 

lOrounds Oharge 7^-lbs Projectile QO-lbe. 

10 ,9 9> 99 » 135 

10 „ „ 9, >i 180 

10 9, >. .» .. 225 

10 9, » >i » 270 

10 99 Burst ... 99 ,9 99 316 

eS-POUNDEE, 95-owt No. 4. 
lOrounds Oharge 7i-lbB Projectile 90-lbB. 

10 99 9 99 9> 135 

10 99 99 9> 99 180 

10 9, I. « « 225 

10 ,9 99 » » 270 

10 99 99 99 99 815 

10 ,9 9 99 99 369 

10 99 99 99 99 405 

1 „ Burst ... „ 9, 9, 450 

It will be seen that out of nine guns in the first class which 
have been tried, eujfht of them have hurst \ while out of 
twelve guns in the second class, only one has failed^ and that 
under circumstances which I will presently notice. There 
were a few other cast-iron guns tried under entirely different 
conditions, and these will be also referred to. 

It is true that the projections or studs on the projectiles 
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lor the Shunt and French guns were sometimesyflk;^^^ with zinc, 
shewing that the advocates of tliose systems were alive to the 
impending dangers, still, in each case the iron projections were 
there, forming part of the cast-iron hody of the shot, and 
consequently in the event of any overriding or overrunning 
of the thread of the rifling, these projections would offer 
irresistible opposition to the egress of the shot from the gun. 

The amount of danger likely to arise from the employment 
of rifled shot having projections on them of hard or tough 
metal that would not give way, may be very well conceived, 
by regarding the bore of a rifled gun as analagous to that of 
a railway timnel, which has a curve in it equal to the turn 
of the rifling. This turn in my g^s was equal to a curve 
having a radius of 30 feet ; in the Armstrong shunt gun the 
rifling would be something like a curve of about 9 feet 
radius. In no railway for passengers would a sharper curve 
than one 600 of feet radius be permitted by the Board of 
Trade, where the speed of the trains ever exceeds 20 miles 
an hour. The projectile or carriage, in the supposed case, 
fits the tunnel to within a tenth-of-an-inch all round, and 
it has to be driven through this curved tunnel at a speed 
of about fourteen miles per minute. 

So long as the surfaces of the guiding lines continue 
perfectly intact, all might go well; but let any point of 
inequality present itself on the lines, so as to interfere with 
the true course and give rise to opposition, the whole force 
of the onward career is instantly accumulated against the 
obstacle, and imless it yields, the projectile must stop, or the 
gun must release it by flying to pieces. 

The difference between all these systems in Class 1, which 
produced failures, and mine, in this respect will be seen at 
once. When the rifling only acts on a plastic material, such 
as lead which would yield like putty, before such forces as are 
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here at work, no amount of inequality on the surfaces of the 
rifling could produce anything like a formidable resistance. 

The surfaces might indeed be so rough and jagged, that 
numberless points of positive opposition might be presented, 
or the inclined plane might be so steep that the shot could 
not climb it, the effect would simply involve the destruction 
of the coherence of particles, or the bending of the lead into 
a different form. The old-fashioned pocket pistol will be 
remembered; the barrel was made to unscrew, so that a 
ball could be placed over the charge, considerably larger 
than the bore ; when fired the ball had to adapt itself to 
the dimensions of the barrel, and the lead yielded without 
causing any dangerous strain. At page 15 1 refer to the effect 
that was produced when my projectiles were fired from guns 
rifled with a sharp twist. The whole of the lands were simpUf 
sheared away^ without doing any injury to the guns. 

The Committee certainly state their opinion that of all the 
different systems of projectile which they tried, the liability 
^ g6^ jammed in the bore was least in mine. But this is 
scanty justice. It might be a question of degree with all 
the plans which are put together in Glass 1 ; but it. is an 
essential principle in the system which I advocate, that this 
danger shall not exist at all. It is as impossible for one of 
my projectiles to get entangled among the grooves as it would 
he for a round shot. 

This liability of the shot to become locked, is the only 
element of risk which appertains peculiarly to rifled guns, for 
everything else must be merely a question of what charge 
or force can be properly employed; and this risk is simply 
less or more in proportion to the amount of resistance 
that the materials, which become opposed, can offer by their 
natural strength or tenacity. Opposition of this kind is 
absolutely inevitable, so that when hard metal projections 
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are used, inequalities must be produced by friction in the 
wear of the surfaces which are brought into contact to do 
the work required. It is quite worth while to follow this 
point further, and trace the mechanical effects which are 
involved. 

All projectiles for muzzle-loading guns must of necessity 
be made of so much less diameter than the bore, as will enable 
them to go down easily in loading. According to the old 
regulations, the round shot used to be about an 8th-of-an-inch 
less than the bore ; but this has been reduced and a difference 
of only one-tenth or even less, is now allowed. 

When, therefore, projectiles have studs or projections upon 
them which have to be adjusted in the grooves at the muzzle, 
on the shot being thrust home, these projections, must be 
guided down by the opposite side of the rifling to that which 
they have to follow, in coming out again ; consequently, as 
the shot lies in its place against the charge, the projections 
are all as far as they can get away from what is properly the 
driving side of the rifling. When fired, the shot moves some 
distance and acquires considerable velocity before the projec- 
tions on them touch their bearings ; and at this point of first 
contact, the edges of the rifling are struck by the projections 
a blow^ with a force depending on the velocity which the shot 
up to that instant had acquired. Now we know from the 
experiments at Woolwich, detailed in the report of the 
" Committee on Explosives," which I have referred to at page 
18, that a projectile which leaves the gun with a velocity of 
1330 feet per second, will attain in the first inch of its course 
a speed of no less than 360 feet, and in 3 inches about 510 
feet per second. If then the projections were but one-tenth 
of an inch narrower than the grooves, and the grooves had a 
curve of 1 in 9, (which is about that of several of the guns 
tried,) the shot would advance nearly an inch quite free, and 
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then it would strike the inclined sides of the grooves when it 
was moving at the rate of 200 miles an hour. 

Eepetitions of these powerful blows upon euch small surfaces 
would necessarily produce indentations from friction at these 
particular points, and these becoming deeper at each discharge, 
ledges would at length be formed, from which the shot could 
not extricate itself, and if the material did not yield, the gun 
must inevitably burst. 

Several of the guns which failed, were fired with shot which 
had cast-iron projections on them, whieh would not yield in 
the smallest degree , and these guns burst as a matter of course. 

That their failure was caused by the jamming of the shot 
was clearly shewn by the marks left on the bore of the gun, 
shewing plainly where the sides of the rifling had become worn 
and indented. It is not necessary that these indentations 
should be very deep ; a ledge no thicker than l-50th part of 
an inch would be quite sufficient to produce in the shot a 
resistance of many tons, in addition to the shot's inertia. 
Cast-iron guns of course could not resist this, neither should 
they be called upon to do so, when all the desired effects can 
be obtained without it. 

But the failures which had the greatest influence in throwing 
discredit upon cast-iron guns, were those which resulted from 
the Abmstbong Shunt system. This plan was applied to a 
great many of the guns before it had been properly tested, 
and these were all condemned afterwards without having 
flred a shot ; the few that were tried all burst. 

It is not easy to explain without diagrams the peculiar 
nature of this shunt system. Its object, as explained by the 
Inventor, was to enable a shot to go into a gun from the 
muzzle easily, and without expanding to come oxA fitting 
tight. 

For some distance down the gun, the grooves were of 
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unequal depth ; half of each groove was as deep again as the 
other half. Ahout three feet from the muzzle, the higher 
part of the grooves was hevilled off at a sharp incline, and 
from this point to the hreech end, the grooves were wholly 
as deep as the deeper part at the muzzle. 

The shot were so made that the projections on them would 
M nearly a» passihie fit the dimennons of the bore in the 
shallower part of the grooves^ this shallower part heing on 
that side which would guide the shot in coming out : but 
in order to enable the shot to go into the gun fireelj, the 
projections could only be of such width as would go easilj 
into, and down the deeper channels past the contracted part 
of the bore. 

A more ingenious contrivance to enable a projectile to lock 
itself in the gun could hardly be conceived. 

It was quite possible bj this means to load the gun with a 
shot which could not possibly be fired out of it ; for if bj 
accident the projections which were intended to fit the 
contracted grooves at the muzzle, were made one-thousandth 
of an inch too high, they might still go into the gun with 
perfect freedom, but could not possibly get by when shunted 
on to the higher step in the rifling. The mechanical effects 
produced by this arrangement are worth considering. The 
projections on the shot being necessarily no wider than the 
deeper channel of the grooves they have to enter, would lie 
nearly f of an inch away from their bearings when the shot 
was set home against the powder. The incline of the grooves 
being about 1 in 9, the shot on being fired would travel nearly 
seven inches without touching the rifling. With the ordinary 
powder it would then have a velocity and force more than half 
of that with which it would leave the gun, and with this force 
the projections must strike the sides of the grooves, which 
present an angle of 6^ degrees. A very violent oscillation of 
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the shot would be the consequence, this would continue til 
the shot reached the shunt points ; here, another angle, far 
sharper than the former one, is struck by the projections, the 
force of the shot having increased to nearly its maximum. 
All oscillation has to be then stopped at once by the projec- 
tions riding up into the contracted channels where there is only 
just room for them to pass. The shot used for these guns 
had ribs of zinc dove-tailed into and against a cast-iron 
shoulder ; if, therefore, any one of these got started by the 
first blow against the rifling, it might get athwart the shunt 
point where there was no space for it ; and it was not an 
uncommon thing to find these ribs displaced after the shot 
had been fired« 

Even supposing all the parts worked as smoothly and 
perfectly as possible, it is still a fact that twice in the gun's 
length the natural course of the projectile was interfered with 
by striking against two targets in the interior of the gun 
and it was found practically that its career was affected by 
this to such an extent that when shells were fired with 
concussion fuzes, they very frequently acted before it was by 
any means desirable, and burst before they left the gun. 

When these several points therefore are fairly considered 
it ceases to be a matter of surprise that the cast-iron shunt 
guns failed, the only wonder is that any one of them ever 
proved strong enough to fire as many as 300 rounds. 

The system was tried in several wrought-iron guns, but it 
failed with them also, and the plan was entirely abandoned. 

Now, it is worthy of special observation that this system, 
plausible in appearance, yet so full of hazard and danger, 
being utterly imsound in all its principles, was at one time 
adopted for cast-iron guns. 

In the report I find it stated ** The Committee believe that 
Mr, Britten 8 method will be found to strain the guns less 
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than the shunting plan, understood to have been provisionally 
adopted hy order of the Seeretary of State** Before a single 
gun had heen tried, heyond a few score rounds, an order was 
given to have several hundred of the old guns hooped, and 
converted on this plan. A very large number were really 
operated upon at a great cost to the country, and they were 
condemned as fast as they were delivered. They may now 
be seen lying in hundreds in the store yard at Woolwich, 
so many mementos of past folly, which ought to be put out 
of sight and cease to be a monument of disgrace to English 
science and engineering skill. It was mainly in consequence 
of these failures that cast-iron got into ill repute. The 
powerful advocates of the system of wrought-iron guns, 
who contemplated the reconstruction of all our stock, could 
easily attribute the failure to the material, and it appears to 
have been nobody's business to point out clearly that the fault 
was not in the guns, but in the vicious system applied to them. 

The Lanoastsb Oval Bore plan now requires notice. It 
will be seen that the only gun of all those in class 1 which did 
not fail, was rifled on this system. This method of rifling, 
singularly enough, was designated by the Committee as that 
which rendered the shot " most liable " to get jammed in the 
bore of all the systems tried, and its success in this instance 
was attributed to the gun being exceptionally strong. 

I may observe however that had there been any jamming 
of the shot in this gun, no amount of strength that any 
cast-iron could have, would have prevented its bursting. 

It is well known that about the time of the Crimean War 
a very earnest effort was made to apply this system to cast- 
iron guns, but it was abandoned in consequence of the bad 
shooting obtained with it, and the failure of several of the 
guns. The cause of this disappointment is susceptible of the 
following explanation. — Although two or three of these guns 
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burst, it is a fact which will be found to be indisputable that 
this arose from no other cause than the premature explosion 
inside the gun of the shells, which carried an enormous 
bursting charge. Very large charges were used for these 
guns, far exceeding those which I have employed, the shells 
contained from 11 to 12 lbs. of powder each, and when the true 
character of the projectiles which were then used is considered, 
it must only occasion surprise that the accidents which 
occurred were not more numerous and serious than they 
really proved to be. 

The old Lcmcaster shell, formerly made at Woolwich, 
was of the simple oval form ; the cylindrical part was shaped 
without any regard whatever to the helical curve in the gun ; 
there was no corresponding twist in its external form to 
fall in with the twist in the rifling. Rightly to appreciate this 
it is only necessaiy to imagine a hexagonal Whitworth iron 
shot, made with perfectly straight longitudinal lines. How 
would this be likely to suit the Whitworth gun? Yet 
8ueh was the old Lancaster shell. Marvellous as this may 
now appear, the fact is imdeniable. Could any failures, 
under such circumstances, even if they could be traced to 
the jamming of the shot, afford the slightest evidence which 
touches the general question here at issue. 

The shell, having a straight thread on its surface 
which was required to work smoothly along the curved 
female thread of the rifling, could only touch the sides of 
the gun at two very narrow points opposite each other ; on 
these two points the whole force of the blow, caused by the 
reversal of bearings at starting, would fall. As might have 
been expected, the shells were crushed by this. It was found 
that cast-iron could not be used, and therefore vrrought-iron 
shells were made. They were wrought in halves, and then 
welded together. About £70,000 was, I believe, spent in 
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machinery for forging and welding these projectiles, yet the 
plan failed ; either the wrought-iron gave way, or the flame 
from the explosion penetrated through unperceived fissures 
or imperfections in the welding and exploded the powder 
in the shells before they left the gun. The Lancaster 
guns which did fail all hurst at the chase near the muzzle^ 
where the shells would explode, hut the Shunt^ and all the 
other gwns %n Class 1, hu/rst at the hreech hehvnd where 
the rigid shot would stick. 

This serious defect was remedied in the projectiles which 
Mr, Lancaster employed for his competitive gmn before the 
Committee. The cylindrical portion of these was carefully 
turned in an eccentric lathe, so that their external surface 
should have a skew corresponding with the spiral in the gun* 
By this means the extent of surface bearing on the rifling 
was largely increased, which of course improved the shooting 
immensely, and the risk of jamming was necessarily reduced 
by this to a minimum. 

What appears to me to constitute an essential objection to 
this form of rifling is, that the force which operates to turn 
the shot acts obliquely instead of directly. The sides of the 
rifling present an inclined plane, which produces an extremely 
fine wedge-hke lateral action, tending to press the sides of 
the gun outwards and the shot inwards. When grooves 
with perpendicular sides are used, the projectile is guided 
round by the force acting at right angles to the axis, and 
consequently this outward and inward pressure does not exist j 
the direction of the force is all in the line desired. 

For this reason the actual strain from lateral pressure on 
the sides must necessarily be greater whenever the plane 
of the thread of the rifling is at a greater angle than 
90 degrees to the axis of the gun, whether the bore is oval, 
hexagonal or other form. I cannot however acquiesce in the 
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Opinion expressed by the Committee that the oval bore 
involves any greater liability of the shot hecoming jammed 
than the Shunt system ; all the mechanical conditions are 
certainly in favor of its being otherwise ; the surfaces of 
contact with the elHptical bore are far broader, and there is 
the absence of any angles on which the shot could impinge. 
It appears to me that the simple explanation of this gun 
not failing, while all the others of the same doss did Jail, is 
that it was not liable to the accident of the shot getting 
fastened in the gun, while all the others were ; and that it 
proved itself strong enough to bear even the increased 
lateral pressure due to the form of the rifling, merely because 
it was not called upon to resist the whole force of the charge 
when pent up in the bore by the shot getting jammed. 
This distinction is of great importance to this enquiry. 

The failure of Mb. Jepfery's gun has now to be considered. 
This was the only gun of the twelve tried with lead 
rifling projectiles, which shewed any want of endurance; it 
burst at the 363rd round. This gun did not fail from the 
shot getting locked in the rifling, for such a thing could not 
possibly be as there was nothing but lead for the grooves to act 
upon ; and there is no reason for supposing that it was any 
weaker than either of the others. It is not difficult however to 
shew that this gun was tried under certain peculiar conditions, 
which entailed upon it a degree of strain at every discharge 
very far beyond what any of the others were subjected to, 
at least when there was no hitch : and they were conditions 
irrespective of the rifling ; had it been a smooth-bored gun 
the result would have been equally unsatisfactory. The 
charge was not excessive, neither was the projectile very heavy. 
Half-a-pound more powder was used, but rather a lighter 
shot than I employed. 

Mr, Je^ery's projectile consisted of a cast-iron body with 
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a leaden cup attached mechanically to its hase. Its charac- 
ter will be best understood by reference to the drawing at 
page 58, representing sections of this shell, and also of mine, 
copied from the Report. 

In regard to these projectiles the Committee make the 
following remark.— " They conceive the cavity at the end of 
Mr. Jeffery% projectile to be unnecessary and to be injurious, 
causing additional friction of the rear of the shot against 
the bore. They are also more susceptible of injury, not 
having the protection of the disc of wood at the base." The 
idea of the inventor was, in designing this shot, that when 
the cup was pressed down against the cartridge a considera- 
ble portion of the powder would be actually ignited inside 
of it, and its sides would be pressed outwards against the 
bore and into the grooves. 

This no doubt occurred, but what was the consequence ? 

When the charge was fired, the sides of the cup, which 
were for some distance nearly parallel, were pressed outwards 
and against the bore with nearly the same force as was acting 
on the gun in rear of it, the only diiSerence being that, as 
the lead sides were about f -of-an-inch thick, the diameter of 
the inside of the cup was about |-of-an-inch less than that 
of the bore. The cavity being just an inch deep, its circum- 
ference when expanded presented an area of 18 square inches 
on which the powder would act laterally with its full power 
of an unknown number of tons per inch pressing the outer 
sides against the bore. The amount of surface, lead on iron, 
thus pressed against each other would be 20 square inches ; 
so that if the resistance from the friction so produced be 
measured according to the recognised rule, the projectile must 
have been lield hcLck by a force which was positively enormous. 
A precisely similar action, though not so severe from the 
diameter being less, took place with the Enfield bullet when 
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first introduced, the cavitj not being filled up with a 
plug. It was found to be no uncommon thing for the front 
part of the bullet to be blown away from the hollow cylindri- 
cal part, which was retarded by the friction, and actually 
remained in the barrel. When the plug was introduced, and 
the gas was prevented firom occupying the cavity, this ceased 
to occur. In designing my projectile I took care to have 
the base of the lead so shaped, that while there should be 
sufficient yielding metal to be upset into the grooves and form 
lands long enough to yield the force required for turning the 
shot, there should be no surface to be acted on laterally by the 
gas, to produce pressure and friction against the bore ; I also 
employed the disc of wood as a further security against this, 
as well as a ijaeans of protecting the lead from being bruised 
in transport. Instead of wood, iron or other metal plate 
might be used, secured to the lead in the same way and at 
the same time as the lead is attached to the shot, and it 
would never separato when fired. 

The effect of this resistance caused by the employment of 
the cup in Jqff&nfi shot shewed itselfplainly in the shooting. 
The gun was precisely the same as mine in length and caHbre, 
there was very little difference in the rifling, and, when fired 
with charges of powder exactly one-tenth of the weight of 
projectile the initial velocity of Jeffery^M shot was found to 
be only 1181.2, while mine was 1213.5 feet per second. But 
for friction the velocity of Jeffer^fi shot might be expected 
to have been more than mine, because the expansion was 
more perfect, there may be said to have been no loss or 
escape of the gas; I purposely did not employ sufficient 
thickness of lead to fill the bore absolutely ; there was always 
an escape through one of the grooves sufficient to ignite a 
common time-fuze. I considered this desirable in order to 
diminish atmospheric resistance to the projectile in the gun. 
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It seemed to me that there would be less compression of air 
in the bore if a blast of gas passed through it commencing at 
the instant of ignition; where there is no passage of gas 
through windage the shot would be like a piston, subject to a 
full atmospheric pressure in front of it. 

It will be observed that there was one more gun tried with 
expanding projectiles in which the rifling acted only on lead. 
The shot Mr, Lynal Thomas used were, in principle, precisely 
similar to mine; the only difference in construction being 
that he employed a wedge-shaped ring of iron below the 
lead, for the purpose of forcing it to bulge outwards and 
fill up the bore ; and he attached hii lead to the shot by 
merely casting it into grooves on the iron, whereas I secured 
it by a process, which I was the first to discover as well as 
apply, and which is now used for all the Prussian and 
Russian breech-loading artillery.* Mr, Thomases gun fired 
67 rounds, and it was then withdrawn perfectly intact ; and 
when it is observed what charges he ventured to employ, 
the indirect value of these experiments will be appre- 
ciated. He usedybr^ per cent, more powder^ and shot fourteen 
per cent, heavier than I did. 

At page 9, I compare the work done by the 32-pounder 
gun as a smooth bore, with service charges, and the work 
done by the same gun rifled, when firing the charge which I 
judged it prudent to employ for these preliminary trials. 
The figures shewed that after making a full allowance for the 
extra work attributable to the action of the rifling, there was 
at los^i fifteen per cent, less work done hy my rifled gun than 
the smooth bore. But making a similar comparison of the 
work which Mr, Thomas gave his gun to do, the difference 
will be seen to be as follows : — 

Charge of Weight of Velocity at Vis Tira of pro- 
powder, projectile, miuzle. Jectile at muKsle. 

Mr. TfcowkM' rifled 32-') 7-lbs. 57-lbs. ... 13»5 ... 1,725,100 
pr. oaat-iron service > Add for rifling say 3 pr. cent. 51,800 

gannnstrengthenedj ' 

1,776,900 
Smooth bore 32-pr 10 31.6 1690 ... 1,403,600 

More work done by Mr, Thomas' rifled gan ... ft-lbs. 373,300 
Proportion 26.6 per cent, more — — .-^_— . 

* This method has ever since 1860 been used for the Armstrong 
projectiles, and I received from Government a reward of £600 for 
ths viwention. Without it the Armstrong gun must long ago have 
been abandoned, owing to all other means having failed to prevent 
the lead from stripping when flred. 
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If, then, we consider what charges were used for the guns 
which burst when firing rigid projectiles^ it may be seen that 
all the eight succumbed under a pressure of work which, but 
for purely adventitious causes, was only about half what is 
shewn in the above figures. Mr. Thomas' gun remains unin- 
jured^ and also all the other 12 guns which were tried with 
similar projectiles. 

Of course it might not be safe to tax cast-iron guns in 
service with work such as this rifled gun endured, but it 
shews what margin of strength they possess beyond what the 
ordinary service charges demand, and still further beyond 
what is required to meet the conditions which I applied — 
Conditions, let it be remembered, which rendered the guns, 
which it has been resolved upon to discard, more powerful 
than the new expensive guns which were made to be substi- 
tuted for them. 

I find in the Committee's final report the following words : 

" Th9 CommiUee prefer the facts fwnmhed by the bursting of g%ms^ 
to a/ny concltuions based on mechamcal considerations , which ifwolve 
ma/fvy discorda/nt elements,** 

It has been my object to deal with the question as it was 
80 left by the Committee; merely effects having been 
regarded without reference to their causes. The decision 
was, that my scheme involved " risk," although, in the 
course of nine years' trial, no danger whatever had mani- 
fested itself. The plan was suspected for no other reason than 
could be found in the failure of other schemes^ but in what way 
related, there was no proper attempt made to distinguish. I 
have therefore endeavoured to investigate and reconcile the 
" discordant elements " which presented themselves, and, by 
applying " mechanical considerations," I think I have found 
good reason for the conviction that the " bursting of guns " 
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may be avoided if systems of rifling and projectiles are not 
applied to them which are beset with peculiar dangers easily 
avoided. 

That good cast-iron as it can be, and has been supplied 
for ordnance, is not the uncertain and brittle material which 
it has become the fashion for some time past to regard it, 
may be judged of by the fact, that not five guns in every 
thousand which have been supplied by British Foundries to 
the Government during the last 50 years have failed, under 
the enormous proof to which they have been subjected before 
passing into the service. Of the last 3,300 of all kinds, 
(not made at Woolwich,) which were proved, only seven 
failed from defective castings. The proof charge for cast- 
iron guns has always been just 100 per cent, more than the 
service charge; whereas the proof for wrought-iron guns has 
been reduced to only 26 per cent, above the service charge^ 
yet it is a fact that of about 750 of these new guns, of over 7 
tons weight yet proved, four of them have bursty one flying 
into IS pieces. 

That cast-iron when properly made is a material capable 
of making powerful guns, there is the following piece of 
evidence sufficiently conclusive, as far as it extends. — 

The greatest amount of force which as yet has ever been 
communicated to amy projectile in this country, was produced 
out of a cast-iron gun of less weight by BO per cent, in propor- 
tion to the force obtained with it than the most powerful 
wrought-iron guns we have yet made,* 

This gun was the American 15-inch gun, (weight 385 cwt.,) 
firing with 100-lbs. of powder a round shot of 4:50-lbs, The 
velocity at 70 yards was 1522.2 feet per second, which 
represents striking force of 16,216,000 of ft.-lbs. Our coiled 
wrought-iron 600-pounder, (weighing 500 cwt.,) delivers its 
shot with a velocity of 1180 feet, and a force of 12,992,900 

* The 35-ton Wrought Iron gnn had not then been tried. It is 
now the sole exception. The force of its shot at muzzle is 18,968,600 
foot-lbs. with 120 lbs. powder. 
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foot-lbs. at the muzzle. The ordinary charge for these 
American service guns, with which they have proved perfectly 
safe and endurable, is 60-lbs. of American powder, which 
is rather more than equal to 50-lbs. of our English powder, 
or one-ninth of the weight of the shot. The charge which I 
have used is only one-tenth ; my projectiles are far lighter 
in proportion to the whole weight of the gun ; and they 
also offer far less resistance to the expansion of the charge 
by their weight in proportion to their sectional area, than 
the large round soUd shot. This very important point 
will bemore clearlj- seen by reference to the table at page 69. 

Besides the rifled cast-iron service guns which I have 
mentioned there were several other guns of the same material, 
but of a different character tried. 

About the year 1858 several persons obtained leave to have 
some blocks of cast-iron guns bored to a smaller calibre 
than is usual. Sra Joseph Whitwobth had a 95-cwt. 68-pr. 
block, bored and rifled on his hexagonal system, the calibre 
being i- inches instead of- 8.12 inches ; also two 32-pr. 63* 
cwt. blocks bored to 1 instead of 6.375 inches. 

4.6 

Mb. jErFEEY also had four 56-pounder blocks of 87-cwt. 
bored to the calibre of the 32-prs. and 24-prs. of the service ; 
and Mb. Muktz had a 68-pr. 95-cwt. block rifled with a 
82-pr, bore. These all failed very soon, not one of them 
ever flred 50 rounds. It was supposed that, by thus obtaining 
a greater thickness of metal round the bore, the guns would 
be much stronger, they were therefore fired with very heavy 
charges, and under conditions which involved such an enor^ 
mous strain as no cast-iron could withstand ; unfortunately 
these conditions were not properly considered, and their 
bursting was ascribed to the material as being uncertain in 
strength. It was forgotten that the lateral pressure by 
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expansion on the interior of a cylinder to burst it is a radial 
force acting through the surrounding mass tending to drive all 
the substance away firom the centre in columns. It is not like 
force upon a beam or bowstring bridge, where the strength to 
resist is made up of two forces supporting each other on each 
side of a neutral point, one side being stretched and the other 
compressed ; and consequently, if a pressure is thus exerted 
within a gun greater than the tensile strength of the material, 
no advantage is gained in having a greater thickness of 
substance than can be reached by the limits of the natural 
elasticity of the material by which the force acting upon it 
is distributed through the mass. It wiU b^in to rend at the 
weakest point, and be gradually torn through as a sheet of 
paper is torn. This was clearly shewn by the Hydraulic 
Presses which were made for the erection of the Brittannia 
Bridge. Beyond a certain thickness cast-iron afforded 
no additional strength to resist pressure from within. 

Mr. Jeffery and Mr, Muntz both employed for their 
small bored guns, expanding shot, having deep lead cups, so 
that a considerable part of the charge was actually exploded 
inside the projectile, and so much of its force was conse- 
quently exerted to hold the shot immovable against the inside 
of the gun instead of driving it forward. With ntch shot, 
charges of powder were used very nearly as large in propor^ 
turn to the calibre of the gun, as are now used for the heaviest 
battering charges for wroughUiron guns which are made half 
as heavy again as these cast-iron guns were. For instance, 
Mr. Muntz" ^b-cwt. cast-iron gun was fired with IG-lbs. of 
powder, occupying 15 inches of the bore, and shot of 80- 
Ibs. ; the lAO-cwt. wrought-iron 7 -inch gun fires a full 
battering charge which occupies 17 inches of the bore. 

The Whitworth cast -iron 68-pounder of 95-cwt. was rifled 
with such a pitch of the screw, that it made more than a 
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whole turn in the length of the gun. The shot were entirely 
iron made to fit the bore exactly, and it was fired with 
charges which occupied 16^ inches of the bore, while tha 
projectile took up about 13 inches more, consequently, nearly 
one-third of the whole of the hore was filled uith (wimunition 
at each round. One gun went to pieces at the 4th round, 
another at the 14th, and another at the 20th. Upon these 
trials cast-iron was adjudged to be a material of "uncertain " 
strength and not to be relied upon. 

I have now presented the reader with a complete statement 
of all the facts which have been ascertained, bearing upon 
the important question — why should our existing guns be 
suffered to remain in their present comparatively impotent 
state, when for a trifling outlay, not exceeding a few shillings 
each, they might be all improved — and improved to such an 
extent, that they shall not be merely makeshifts, but be 
rendered thoroughly efficient weapons, even when judged by 
the standard of any artillery they might have to compete with 
of equal weight; ranging with precision far beyond the 
extreme limits within which human vision can direct them, and 
equalling, if not exceeding in the strength of the blows they 
deliver^ any ordnance equally ponderous which as yet has been 
constructed? There are the figures denoting actual measure- 
ments shewing that this is not mere hyperbole. 

Why it has not been done, admits of no other explanation 
than the want of a proper understanding of the causes which 
led to the failure of the nine service guns which burst. That 
these did not burst because the material was unequal to the 
pressure of work they had to perform, is obvious, because the 
labour was not so severe as they are subjected to every day. 
That their failure, with the very moderate charges employed, 
did not afford the slightest evidence that the material is of 



50 

" unequal and uncertain strength,*' is proved by the fact that 
such a hypothesis would involve the impossible circumstance 
of all the guns so tried having been exceptionally weak, while 
all the other fourteen rifled guns which liad mare work given 
them to do, and did not fail, were all of them eaeeptionally 
strong; the whole twenty-two guns having been taken 
indiscriminately from store, and being made at various 
foundries and at diflPerent dates. On the other hand it is 
clearly seen that the eight guns which burst were liable, 
under the conditions applied to them, to certain adventitious 
contingencies very likely to arise, producing such a derange- 
ment of their working parts as would necessarily involve 
their destruction, and to this alone, their failure is to be 
attributed, and which contingencies can be entirely avoided.* 



THE PBINCIPLB OF THE MODERN IMPROVEMENTS IN 

FIREARMS CONSIDERED. 



The manufacture of ordnance has of late years become a 
great engineering question. Twenty years ago there was no 
gun in the British service which could not be made for £100, 
now we are making guns which cost from two to three 
thousand pounds each. 

So long as nothing but cannon halls were used, the design- 
ing of ordnance was a very simple matter, and demanded no 
higher considerations than attention to certain data empiri- 
cally determined. A block of iron was made of a certain 
general conventional form, (which by the way happened to 
be incorrect,) and when a hole had been bored in it, it was 
fired with as much powder as experience proved that it was 
likely to stand. . Now however that we are not limited to 

• Vide calculations of forces, p 69 — ^71. 
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the weight of the round projectile, or rather, are not circum- 
scribed as to the degree of intensity with which we can 
make the powder act, because we can add to the length and 
. weight of the shot, and thereby increase the resistance it 
shall offer to the expansive force of tbe charge, questions 
arise of very great importance, involving many points of 
interest, not only to military men, but to the public at large. 
Gun -making has become a Bciencey which in old times it 
certainly was not. 

In designing guns, which are to cost as much money and 
labour as so many first-class locomotive engines, we ought to 
make sure that we adopt sound principles, or we may fail to 
employ our time and resources to the best advantage, and it 
is absolutely certain that we yet have something to learn. 

To investigate these principles cannot be deemed the exclu- 
sive duty of only one class of scientific men, however well 
qualified they may be. How to employ the force of gunpow- 
der with the best effect so ^as to produce in a projectile the 
utmost force and truest flight, is a problem, which must 
be open to general discussion, and has no more right to be 
confined to Woolwich than that of how to build the best 
ships which are to carry the guns when made^ to make the 
best iron to plate them with, or the best engines to propel them. 
Hitherto, however, gun designing has been more or less 
regarded as properly a close question. Civil engineers and 
scientific men generally have not been able to deal with it for 
want of facts to guide them ; and not having correct data 
they have ofben been led into great mistakes when they have 
ventured to touch the question. 

The expansive force of exploded gunpowder is so intense) 
and its effects are produced within such extremely minute 
intervals of time, that very little can be done by mere 
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theoretical reasoning, and calculation to determine how its 
energies should be directed : the only safe foundations are the 
data, furnished by accurate observations of experimental 
results. « 

It is but within the last year or two, that any definite idea 
has been obtained with regard either to the ultimate force of 
gunpowder expansion, or its rapidity of action. 

So recently as four years ago, the very best authoiities were 
divided in opinion as to whether its initial pressure was as low 
as 15 tons per inch, or as high as 25 tons ; but within the 
last few months, its pressure has been actually measured up 
to 30 tons per square inch, and there is nothing to shew that 
even this is nearly its maximum. With sucb uncertainties 
upon fundamental points, it is less surprising perhaps that so 
many and such serious blunders should have been made as are 
recorded in the strange history of English gunmaking ; these 
difficulties however a»"e rapidly disappeariig. Fortunately we 
have now able men officially engaged in resolving the 
elementary conditions of the problem, and when these are 
settled we shall know how guns ought to be made, and cease 
to do it by guess work. 

To ascertain, and note aU the facts which bear upon ibis 
question, is a labour which can only be performed by the 
scientific artilleryman who has command of the necessary 
instruments ; but to reason upon and apply these facts is the 
work of the scientific engineer, not necessarily the soldier or 
the sailor ; and surely those men whose whole lives are devoted 
to the practical application of mechanical laws, and who 
succeed in producing perfect machinery and engines of other 
kinds, may well be expected to be able to assist the soldier in 
making the gunpowder engines he needs. 

The public clearly have a right to demand the best, but also 
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the cheapest guns obtainable ; whether however this person's 
or that person's invention shall be adopted, is a question of 
no moment whatever except to the inventor or contractor who 
aims at honors and emoluments. The interests of contractors 
are necessarily, to a great extent, at variance with the interests 
of the taxpayers. Sooner or later, as knowledge extends, the 
public always become able to judge of the quality of the 
article chosen for them, but sometimes only when mischief has 
been doae, and it is too late to fix the responsibility attaching 
to the judgement exercised. The country wants the weapon 
that will do its work best, whether it is a breech-loader, or 
muzzle-loader, a new gun, or an old one. The respective 
merits of any of the guns tried, ought not to be a matter of 
opinion demanding endless discussion, it is a mere matter of 
fact which is settled off hand by trial. But for want of 
knowledge the public are unable to form any opinion on this 
subject for themselves, and therefore, although they may 
properly repose entire confidence in the intentions of those 
who are officially deputed to act in the matter, the nation has 
not that security against errors of judgment involving the 
most serious results, that there would be, if the question were 
allowed to be a perfectly open one, and criticisms were invited 
instead of being more or less repressed. 

To treat such questions entirely as secrets, as is done on the 
Continent, is so absolutely opposed to the spirit of all our 
institutions, that it is merely not attempted because it is 
impracticable; but to restrict iheir investigation, while leaving 
what is done partially open to all the world, is surely a 
middle course which, while it does not diminish the liability 
to err, effectually shuts the door to valuable suggestions, 
that might possibly be made by outsiders. 

After all, the question is, — how sh- II the lest gun he 
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knattm? There surely exists no reason, a priori, why 
engines to be used with gunpowder should not be constructed 
on as sound prmoiples as steam engines, or any other 
instruments. Now, all other machines are adjudged to be 
either well or ill, contrived by a test which is infallible ;^ 
they must utilize all their forces and toaste noHhing, If a 
steam engine burns fuel extravagantly, or is needlessly costly 
because expensive material is used for subordinate parts where 
cheaper metal would answer all the purpose, we do not consider 
it an example to be copied, but call it a had engine, although 
it may work well. May we not apply a similar test to guns ? 
For those we are now making, no expense is spared to render 
them absolutely perfect, the material used is the strongest 
that can be obtained ; but it is worth while to enquire whether 
it is so employed by the designer, that its strength is duly 
made use of? 

It is true we fire with safety, tremendous charges of 
powder; but again,— (fo^ the powder, as it is employed, 
yield all the results of which it is really capable ? 

These are points which obviously are essential, and X 
propose to examine them carefully with reference to facts 
alone. 

A short time since, I published a small pamphlet^ with a 
view to call attention generally to the subject I am now 
treating more fully ; in this, I ventured to make two state- 
ments which I am led to believe were regarded as hazardous. 

One was to something of this effect. — " If the principles 
which are being applied in the designing of the expensive 
guns now being constructed specially for acting against iron 
defences are extended to the designing of aU the other guns 
we need, which are not required for such spedal service, a 
very grave error will be conmutted." I also went so far as 

* " Our eflteotivo Artillery." Mitchell, Charing Cross, 
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to state my conviction " that the old service cast-iron guns, 
as they were employed in the experiments made with them 
as rifled gmis, were the exponants of higher principles of 
mechanical economy than those of the modern type which 
has been officially determined upon." 

Now reverting to the comparison, which at page 23 of this 
paper, I have made between the results which were obtained 
with the rifled cast-iron service 32-prs. and the Armstrong 
40-pounder breech loader, I ask which of these two guns 
represented the highest principles ? One cost less than £60, 
the other £860 ; the material of the latter is three times as 
strong as that of the former.^ but what did it yield f The 
cheaper gun fired 2000 rounds of projectiles, and, if these 
had all been directed against an object 1000 yards distant, 
that object would have been punished with 2000 blows of a 
force, represented in the aggregate of the vis viva of the 
projectiles, of 758,000 foot-tons. 

K the gun which costs £360 had fired an equal number of 
projectiles at the same object, would the punishment inflicted 
have been more severer in proportion to the cost? On the 
contrary, the aggregate force of the 2000 blows, inflicted 
by the wrought-iron gun^ would have been only 534,000 
foot-tons. 

To take another example. — ^We have just completed the 
largest and most expensive gun ever attempted to be made 
in this country : its weight is 35 tons, and it is 1^ feet 
long, or nearly as long again as any of our old guns. 
Every pound of powder which is consumed in this gun, 
is shewn to produce a living force in the shot on leaving 
the muzzle of 70.6 foot-tons ; but every pound of powder 
burnt in the old cast-iron 32-pounder gun, shews a force in 
the projectile of lOQ t Q foot-tons, or nearly ^^ per cent. 
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more thau is obtained with the large gun. To take another 
case. — The American cast-iron 15 -inch 8er\dce gun, filing 
shot of 450-lbs., may be compared with our last new gun. 
One can be made for about £350, the other costs nearly 
£3000. 

The more expensive gun is made of iron, more than three 
times as strong as that of the other ; but when we look at 
the force with which the shot issues from each gun when 
fired with service charges, we find that the only advantage 
obtained with 1-cwt. of the coiled wrought iron over 1-cwt. 
of the common cast-iron^ is that the former yields 13.6 foot- 
tons of work, and the latter 12.1 foot-tons with the ordinary 
charge. 

What proportion does this bear, either to the greater cost 
or the greater strength of the English gun ? 

The following comparisons will also be found to have 
considerable interest : — (Vide Table^ page 58.J 

Work done hy every lb, of powder in the Service charges used 

for various kinds of Ordnance, 

Vis Vlra of projectile Vis Vira of projectile 
Seryice charges. to erery lb. of charge, to erery lb, of charge. 

at Muzsle. at stated Ranges. 

Th<nuandift,-V>t, TTunuands/t.^bi. 

^^n8?fme^°.™!} 251.9 at 8660 yds. 148.1 

82-ditto ditto ditto 272.6 „ 34>SO „ 123.7 

PoJK»«- or Wrought Iron ^ ^y^ ^^ 22 2 

gun ) " " 

9-in. Wrought Iron, 12i tons 161.3 „ 1200 „ 130.6 

Ditto ditto ditto „ 4000 „ 95 

Armstrong 100-pr 183.6 „ 3470 „ 92.8 

-dmmcon 15.in, smoothO 203.2 ,,1021 „ 146 

2^610 Field gun 152.5 ,,3422 „ 57.4 

The full significance of these figures demands attentive 
consideration. They represent the principle adopted in 
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the general type of our modern guns, which has been selected 
and stamped with the official seal. The 35-ton gun 
which has just been made, and the new field gun lately 
adopted, are the highest examples of the principle chosen. 
That they are both admirable guns for service need 
not for a moment be questioned, but that, as instruments 
constructed with due regard to the economy of force^ are they 
correctly designed? 

If the d'inch wrought-iron gun employed the charge used 
with it as advantageously as the 32 -pounder^ the shot wotdd leave 
it with a force of 5,200 tons^ instead of only 3,098 tons. 
And the strength of the material it is made of would be 
equal to do more than even this, if economically employed 
in the design of the gun, although it may be doubted 
whether it would be possible to restrain the recoil that 
would be so occasioned. 

It would require every cwt. of the gun to produce 20^ 
foot-tons. The cast-iron American gun, when fired at 
Shoeburyness with 100-lbs. charge, actually produced at 
70 yards a striking force of 19 foot-tons per cwt of cast- 
iron, and from coiled wi*ought-iron, which is more than 
three times as strong, we get but 12^ tons of work at the 
mouth of the piece with the 9-inch 12^-ton guns, and 
stiU less with our 600-pounders. 

The conditions as regards the economical employment of 
the force of the charge, which is involved in the design 
adopted for our new guns will be found uidicated by the 
diagrams, which I give at page 58, representing the bore of 
several of the guns, and the proportions which the charges 
employed, bear to the interior. 

It will be seen, that although the new 35-ton gun is nearly 
a.s long again as our old giuift, its charge of shot and powder 
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occupies no less than 5 feet 6 inches, or nearly one third of tha 

whole bore. This has to be considered in connection witb 

.t 

the fact, that the power appHed to the shot is force qj^ 
expansion^ and eapansion requires space. We may tax the 
strength of a cylinder with any pressure of steam we likay 
but to gain the smallest advantage from it, we must have a 
certain length of stroke in the piston. 

Now in order that the whole of this important subject 
may be laid open to the Hght of general enquiry, I have 
been at considerable pains to collect and tabulate, in such a 
way as wiU fadhtate comparison, what appear to me to 
constitute all the chief established facts which bear upon it. 

In the table which is annexed, I have shewn the results 
of experience with all the different kinds of ordnance which 
have been used in this country, giving at the same time the 
particulars of the conditions under which the projective 
power in each is developed. I have made the table as 
complete as I have been able to do, from a limited command 
of records, but, as far as they go, the figures, I believe, may 
be perfectly relied upon, for I have been careful to admit 
nothing without the warrant of official documents I think 
a more satisfactory view may be obtained of any particular 
system of artillery from this table, where all are closely 
compared, than by any process of individual examination. 

It wiU be found that there are many things which at first 
sight seem singularly anomalous, but which are still suscep- 
tible of satisfactory explanation, when their relations to other 
circumstances are properly traced. 

This table contains an epitome of all the practical results 
ascertained in our numberless experiments. I propose to 
examine these facts simply as I find them, without refening 
t0, or explaining them by any of the rules and formulae by 
which they are generally accounted for ; but rather to treat 
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them merely as phenomena, which if carefully compared may 
possibly explain themselves, and shew what laws they follow. 

A gun may be rightly regarded as a pressure engine of the 
simplest possible form. Its object is to produce motive 
power ; and this is done by means precisely similar to those 
which keep the cranks and axles of a steam engine at work. 
The cylinder of a steam engine is truly a gun ; and every 
movement, from the primary vibration of the beam, down 
to the twirl of the jennies of a cotton miU, is only the result 
of successive shots fired with a certain charge, which exert 
a cumulative power on a piston having a certain " range " or 
stroke. There are high pressure and low pressure steam 
engines, and there are also hiyh and low pressure guns. 

It may be said that the application of the principle of the 
rifle accomplished the same thing for artillery as was done 
about seventy years ago, when en^es were first made 
without condensors, and the higher powers of steam became 
utilized. So long as only round projectiles of a certain 
specific gravity could be used, no advantage could be 
derived from applying more than a compai*atively small 
intensity of force to them ; but directly we began to use 
elongated projectiles, a new problem presented itself. — ^With 
long heavy bolts we can restrain the expansion of the charge 
to almost any extent, and so work the powder at any degree 
of pressure ; just the same as by loading the safety-valve of 
an engine, and superheating the steam we may increase the 
intensity of its energy indefinitely. 

The designer of a gun has no greater occasion to be 
embarrassed with considerations as to the extreme power of 
the agent he is going to employ, than the designer of an 
engine which is to work with steam ; because there is no 
evidence that one agent really can exert any greater force 
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than the other. The ultunate, or what is termed with more 
or less correctness, the "initial" force of gunpowder, is 
beyond all measurement, but so also is that of water when 
turned into steam under extreme pressure. The question for 
the Engineer is simply, — ^how much of it he can employ with 
advantage? And he has to economise his resources and 
adapt them with judgment. 

In making steam machinery, he is limited by the cost of 
labor and the value and strength of the materials he can use. 

"' It may be said that practically this limitation does not exist 
in regard to the construction of such simple machines as 
guns. But there is yet one limit which cannot be exceeded 
for them — a positive restriction which it is impossible by any 
means to avoid. We may perhaps disregard the matter of 
cost, and, now that we have conquered the difficulty of 
forging wrought-iron in huge masses, we have become 
independent also as regards strength of material, for it will 
be found that we have really more of it than we can 
profitably employ. 

Action and re-action being equal and contrary, there is 
the vis viva of the gun to manage, and the only way to 
control this is by diffusing the force over so much matter 
in the gun itself, that it shall be. absorbed by so much 
weight ; and thus, by gaining time, we reduce the force 
within conditions that can be dealt with. These elementary 
principles must be borne in mind when considering what is 
signified by the figures in the table. 

''?* Th^ guns which I have selected for comparison are those 
which, while representing the various systems that have 
been adopted for the British service, or have received a 
considerable share of attention, still widely differ as examples 
of theu' respective kinds, so that what is peculiar in each 
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may be distinctly seen. The cardinal point however, whicli 
it is my object to illustrate, is the distinctive feature in 
modem rifled ordnance of being all very high pressure guns^ 
or guns which, by reason of their small calibre in proportion 
to the charges used with them, are required to be made of 
enormous strength to enable them to resist the pressure of 
the charge. It will be seen that the strain on a gun to 
burst it, does not depend solely on the amount of the charge 
employed, but also in a very large degree upon how it is 
disposed and made to act in the gun. It is important to 
ascertain what is thus gained or lost by working the powder 
above a certain degree of pressure. 

The several columns in the table, which for convenience 
of reference I have distinguished by letters, shew the nature 
of the tests which may be applied to the elucidation of this 
point. 

Columns A to E shew all the particulars relating to the 
construction of the guns, their length, weight, borey the 
nature of the rifling, if rifled, and also the weight of shot 
and charge of powder with which they are fixed. 

Column F gives the speed with which the projectile from 
each gun leaves the muzzle. These velocities have all been 
measured by an electrical apparatus, which is found accu- 
rately to record intervals of less than a thousandth part of a 
second. The comparatively low velocities which all the 
elongated shot have in comparison with the old round ones, 
will be observed, — ^the former seldom exceeding 1800 feet, 
while the latter vary between 1600 and 1800 feet per second. 

Column G denotes the vis viva or force of the projectiles. 
This is calculated by multiplying the square of the velocity 
by the weight of the shot, and then dividing the product by 
04.3, which, comparing the power with that of gravity, 
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reduces the terms to the standard of joot-lbs., by which 
" work " is usually expressed, and ordinary "horse power" is 
estimated ; it having reference to the unit of work done 
in raising one pound weight to the height of exactly one 
foot. The figures in this colunm represent the force with 
which each shot would strike any object in its course, 
. at the distance given, stated in the terms which are now 
generally employed for that purpose. 

. The several colranns in the division H, shew, as nearly as 
can be measured by the time of flight, the velocity and vis 
viva of each projectile at short ranges of about 1000 yards, 
at medium distances of about 2000 yards, and at long 
ranges of between 3000 and 4000 yards. These figures 
being calculated on the mean time of flight, of course do not 
shew precisely what is the actual force of the shot at the 
distances mentioned ; but still, a fair relative comparison of 
results is so afforded. The actual terminal velocity would in 
each case be somewhat less than is here given, because the 
mean time of course includes the higher speed at the earlier 
part of the shot's career ; but the additional force which 
the projectile would acquire in consequence of its descent 
from the highest point of its trajectory is also not 
included. We can at all events thxuar obtain a correct view 
generally of each gun's performance, as the same test is 
applied to all. 

The advantage which is gained by the employment of 
elongated shot is exemplified most fully in the very different 
results Sbtained with the two guns, Nos. 7 and 23* It will 
be seen that the projectile fired from the smooth-bore 10-inch 
gun, starts with a velocity of 1292 feet per second, and 
being a round hollow shot which has a weight of only about 
|-lb. to every square inch of its sectional area, its velocity 
is rapidly destroyed by the resistance of the air, so that in 
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a range of 2660 yards its mean rate of speed is seen to be 
only 694 feet, the difference being 46 per cent, less than it 
started with. The projectile from the 9 -inch gun leaves the 
muzzle with a velocity of 1336 feet per second, but being a 
long solid shot which has a weight of nearly 4-lbs. to every 
square inch of its sectional area, its velocity is far better 
maintained than that of the Ughter one, owing to the 
resistance of the air being so much less in proportion to its 
density ; consequently in a range of 4000 yards its mean 
rate of speed shews a difference of only 23 per cent. IdS 
than it commenced with. 

The foUowing examples from the table wiU iUustrate 
this point forcibly in regard to the vis viva of different 
projectiles. - 
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(28) 
10-in. CaBt-iron 

Smooth. 

Charge 12-Ibs., 

Hollow Shot 88.6. 


(24) 

68-pr. Cast-iron. 
Charge 16-Ib8., So- 
lid Round Shot, 66.4 


(26) 

82-pr. Cast-iron. 
Chanse lO-lbs., So- 
lid Round Shot, 31.6 


(20) 
Britten's Rifled 82- 
pr., Cast-iron. 
Charge 6-lb8., Elon- 
gated Shell, &0-lb8. 


(7) 
9-in. Wrought-iron 

Rifled. 

Charge 48-lbe.,Elon- 

gated!llyt,250-lbB. 

- ^^ 


Range, 
yds. 


Via ViTS 
ftlbi. 


Range 
yds. 


Vis Vira 
ft-lbe. 


Range 
yds. 


Vis Vira 
fLlbe. 


Range 
yds. 


Vis Vira 
ft.-lhs. 


Range 
yds. 


Vis Vira 
fU-lbs. 


Muzzle. 

925 
2190 
2660 


2300 
1177.5 

900 

662.6 


Muzzle 
720 
1750 
8200 


2575.7 
21^3. 
1057.5 
585.7 


Muzzle 
1172 
1^2 


1403.6 
477.2 
365.2 


Muzzle 
1010 
2100 
3450 


J 145.2 
849.2 
753.4 
648.7 


Muzzle 
1200 
2600 
4000 


6939.7 
5616 

4784.5 
4110.4 



It will thus be seen that while the light hollow round 
shot loses nearly Jths of its force in a range of a. mile- 
and-a-half, the long heavy bolt from the 9-inch gunj in a 
range of more than 2j-miles loses little more than a third 
part of the force with which it leaves the gun. The other 
gui.s shew similar facts, but to a less degi'ee. 

With spherical projectiles this (jouservation of force during 
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flight i8 limited by the specific gravity of the material which 
they can be made of, either lead or iron ; but with elongated 
shot it is only limited by the length of the projectile which 
can be inserted in the gun, and be forced by the rotatory 
motion communicated by the rifling to trarel through the 
air with its axis, coinciding generally with the line of its 
flight like an arrow. But to what extent advantage can be 
'^ taken of this remains to be considered. There must be some 
limit ; and we have therefore to endeavour to find out what 

X -ihe principle involves in its relation to the right economy of 
the forces which we have to employ. 

To do this it is necessary to apply several processes of 
dissection to the results which have been ascertained ; and 
it seems to me that those which are specified in the 

>i subsequent columns of the table are best calculated to throw 
Ught upon the matter. 

Column I, Vis viva of projectile at muzzle, produced hy 
every pound of powder in the charge. 
*»ome very remarkable facts are revealed here. I select 
the following examples as specially noteworthy. 

Ab. Thousands foot I6t. 

28— 24-pr. Smooth-bore, Charge S-lbs. LJ^/^^^W \ 137 

(^ID. 01 powder J 

27— 32-pr. ditto ... „ „ ditto 160.9 

17— Palliser, Eifled ... „ „ ditto 170.3 

22 — lO-in. Smooth-bore „ ^^^ ditto 201.2 

18 — Bifled 68-pounder... „ „ ditto 261.9 

20— Eifled 32-poniider... „ 5-lbs ditto 272.6 

12 — Armstrong 40-pr. ... „ „ ditto 176 

7— 9-inch Eifled „ 43-lbs ditto 161.3 

31 — 15-inch Cast-iron ... „ 60-lbs ditto 208.2 

32— 15-inch „ ... „ 100-lbs ditto 162.1 

1— llj-inch Wrot. Iron „ 120-lbs ditto 158 

It is to be seen that the same quantity of the same kind of 
powder may be so employed in two different guns that it 
shall produce one hundred per cent, more projective force 
in one than it does in another^ and the guns may he of the 
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same length, IIow then may this be accounted for ? It is 
not to be attributed to any peculiarity in the kind of gun or 
the nature of the projectile employed. Here are two rifled 
guns, one yielding 158,000 .and the other 272,600 foot-lbs. 
of " work " per lb. of powder ; and it happens that the gun 
which (Joes less, is nearly twice as long as the other. 
And here also are two smooth-bore guns, which shew a 
difference almost as great in their economy of the charge as 
any of the others that are compared. These two smooth 
bore guns are both fired with a service charge of S-lbs., hvL 
one of them delivers its projectile with a total force of 201.2 
thousand foot-lbs, and the other yields but 137 thousand. 
Now the only material difference between these two guns 
lies in their ^dibre; one has a bore of 10 inches diameter, 
the other, a 24-pounder, is only 5.82 inches. In consequence 
of this, the 8-lb. charge is very differently disposed in them. 
In the large bore, the pressure is exerted upon a far larger 
area on the shot, and therefore so much more " work " is 
done with it, and it is done with really less effort. Whfh^ it 
then that so much greater force can be obtained with the same 
quantity of powder out of large bored ordnance than out of 
smaller? this I think may be comprehended by paying due 
regard to what is indicated by the figures. 

In the first place lA this point be investigated in its 
reference more particularly to the gim itself, and the strain 
which is produced by the force which developes power in the 
shot. The three next columns which I have inserted in the 
table will throw light on this. 

Cfolumn K, Weight of projectile in proportion to the 
charge of powder. 

Column X. Weight of powder in the charge in proportion 
to the area of the bore. 

Chlumn M, Weight of projectile in proportion to the area 
of the bore. 
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I have alluded to the modem rifled ordnance as being all 
of them high pressure gmis, yet it will be seen by colmnn K 
that for none of them is so much powder employed as is 
used for the old service guns, in proportion to the weight 
of the projectile, or even to the weight of the guns 
themselves. For the wrought-iron guns, the quantity seldom 
exceeds a sixth part of the weight of the shot, while for the 
cast-iron ordnance the service charge sometimes exceeds a 
third. When however the figures in columns L and M are 
regarded, we shall see that it is not alone the quantity used 
which has to be considered in reference to the strain on the 
gun, hut the form in which it is applied^ depending on the tore. 

In column M I have shewn what is the approximate 
weight which each projectile presents, in eveiy square inch 
of its sectional area, as specific resistance to the expansion of 
charge. This resistance of course increases in proportion 
to the length of the shot, if soUd. It is the same thing 
as i^ the projectile were a body of greater density, or made 
of a material of higher specific gravity. If, for instance, a 
round shot for a 32-pounder were made of lead instead of 
iron, it would weigh about 51 -lbs. instead of only 32-lbs, 
For the same reason if the shot which is employed for the 
700-pounder were spherical instead* of being elongated, it 
would require to be made of a material which is more than 
twice as heavy as lead, or nearly half as heavy again as gold^ 
to offer the resistance which it does of 6.73-lbs. per square 
inch. In order to produce any motion at all in this shot, 
the power must accumulate against it up to an intensity 
equal to this resistance concentrated in the area which it 
acts upon, and this has to be multiplied in order to obtain 
velocity. The strain upon the gun in doing this becomes 
enormous. 

These figures in Column M will, 1 think, be found useful 
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presently as indicating the store of power in the shot when 
fired, enabling it to maintain its course against the opposition 
of the atmosphere : and also against opposition from the 
inertia (simply) of any matter to be removed in its course, 
not including, however, obstructions from the coherence of 
«olids penetrated; this is as the eirctmference. Vide page 86. 

There is a very prevalent idea that, in some way, there 
is an advantage gained in force by using long shot, and 
cartridges of the shape of bolsters, or sausages, but is this 
possible? The force of gunpowder lies in the energy 
which it exerts in the form of elastic gas to enlarge itself 
Into a volume indetermiaately greater than its original bulk. 
If free^ it would do this with a velocity which cannot be 
measured. .^ Under the pressure of the atmosphere it was 
^estimated by Bohina to have a velocity, at its greatest heat, 
of 7000 feet per second, and this is probably far below its 
real speed; but if the rapidity of this expansion be hindered, 
then its force, as an active power, becomes increased in 
proportion to the time which it takes to carr^ the burden 
which hinders it. But the powder will naturally exert its 
whole force^ whether the burden be more or less, and we 
may collect much of its energy in projectiles as either 
great speed accompanying less weight, or great weight 
vn\h less speed, but the life power of the shot represents 
only so much of the life of the charge as the density of 
the shot can absorb in the interval of communication. 
The projectile which offers in its sectional area the greatest 
resistance may absorb more of the force of the charge, but 
only when there is room in the gwnfor the shot to traverse 
while it is subject to the pressure. This will be found to be 
a point of great interest and considerable subtlety. 

Nothing can be gained by intensifying the pressure through 
increasing the resistance from the same weighty by 
using longer shot, unless the dimensions of the gun 
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admit of continued action of the pressure. Therefore to 
reduce the capacity of the gun out of proportion to the charge 
appears to me to be a wrong principle. To economise the 
force we ought to employ as much as we can of its activity 
as an accelerating agent, not half fill the bore with powder 
and leave it little room, and consequent^ time^ in which it 
can perform its duty.* 

The figures in the column M shew what is the actual 
quantity of powder contained in the several charges of 
the guns compared, which can operate upon every square 
inch of the sectional area of the projectile ; or at least 
it is a suflSciently close approximation to this, for I have 
assumed the area of the bore to be equal to the area of the 
i. shot ; there is of course the difference of windage, but this 
need not be regarded. A good notion is thus obtained of 
the pressure which our modem guns have to sustain, in the 
way we employ the material used for them. 

IX will be observed that the 15-inch cast-iron gun is found 
perfectly competent to fire shot of 450-lbs. weight, and, as 
an experiment, it has successfully fired this shot wilii 100- 
Ibs. of powder, a very much more powerful charge than is 
used for proving our 10-inch wrought-iron guns, although the 
shot for the latter is 50-lbs. less in weight, while, not only 
is the material of the English gun three times as strong as 
that of the other, but there is actually about two inches 
more thickness of metal in it round that part which has the 
great work to do. 

Why did not the cast-iron gun burst ? The simple fact 
that it did not is entirely incomprehensible, unless we 
examine closely the conditions under which the charge was 
employed. These may be better understood with the help 
of the following figures : — 

* This point will be found farther difioassed at p, 88^95. 
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The Columns helow refer hy letters to the general Table, 



llj-in. Wronght-iron Gun 

Weight 700 owt 

Length 192 inches 

Charge 128-lbs 

Shot700-lbs 



(1) 



10-in. Wronght-iron Ghin (5) 

Weight 360-cwt 

Length 144 inches 

Charge 60-lbs 

Shot400-lbs 



15-in. Cast-iron Gun 

Weight 385-owt 

Length 165-inches 

Charge 50-lbs 

Shot450-lbs 



(31) 



10-in. Cast-iron Gun (22) 

Weight 87-cwt 

Length 109-inches 

Charge 8-lbs 

Shell 117-lbs 



32-pr.Cast-iron Smooth-bore (2 6) 

Weight 56-cwt 

Length 108-inches 

Charge 10-lbs 

Shot 32-lbs 

32-pr. Caat-iron (Britten's ri- 

fled) (20) 

Weight 56-cwt 

Length 108-inches 

Charge 5-lbs 

Shell 50-lbs 

68-pr. Cast-iron, (Britten's ri- 

fled) (18) 

Weight 95-cwt 

Length 113-inches 

Charge 8-lbs 

Shell 90-lbs 



••>> 



Pressure of 
Potjuder. 
Weight of the 
Column of Pow- 
der in the 
charge to every 
square inch of 
the sectional 
area of the Shot 
L 



.lb. =: ounces 



1.15=18f 



.764e=12i 



.28= 4i 



,102= If 



.313= 5 



.156= 2i 



.155=2.48 



Resistcmee of 

Shot. 
Weight of the 
Column of Shot 
which is oppo- 
sed to every 
square inch of 



the pressure 

from the charge 

M 



VU Viva 

of Shot 

resulti ng 

from every lb. 

of Powder. 



.lb.= ounces. 



6.73=108 



5.1= 81 



2.54=41 



1. 5=24 



.99=16 



1.56=25 



1.75=28 



foot. lbs. 



158,000 



174,600 



208,200 



201,200 



140,300 



272,600 



251,900 
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I pjirticulnrly o 'naiiitriid these figiirt-s to the consideration 
of aU who may yet entertain apprehensions as to the safety 
of employing our cast-iron gtms« when rifled, and fired as 
I proposed. It will be seen above what was really involved. 
For the rifled 32-pounder, the service charge I suggested 
was made up of so many columns in the bore representing, 
in every square inch of the area, 2^oz3. of powder 
restrained by 25-ozs. of shot. The service charge of the 
American cast-iron gun shows 4rJ-ozs. of powder to 41-ozs. 
of shot. Now when my four guns were tried at Woohvich 
up to the bursting point, the 32-pounder8 were fired with 
a tenth more powder than I proposed for senice, and the 
weight of shot (similar in principle) was increased 50 per 
cent, at every successive 10 rounds. Finally, when they 
b^irst, the resistance was 83-ozs. on everj' inch, or rather 
more than that which the 400-lb. shot offers in the 10-inch 
wrought-iron gun. For my 68-pounders, the powder was 
equal to 2^-ozs. per inch, and the increased weight of the 
shot employed at the 81st round, shewed a resistance of 
140-ozs. to the inch. The resistance of the 90-lb. shell 
I proposed for service being, as will be seen, oiJy 28-ozs. 

The fact is that we call the weight of a shot is a term that 
is deceptive ; it really has little or no meaning in regard to 
the force which is required to set it in motion. For instance, 
the projectile for the large American gun actually weighs 
more by 50-lbs. than the shot which is used for the 10-inch 
wrought-iron gun, but the same degree of pressure, as it is 
applied to both, that would lift the heavier shot, would not 
move the lighter one in the smallest degree ; therefore, in 
order to give both projectiles nearly the same velocity, the 
intensity of pressure upon one has to be just about twice as 
nnich as will suflice for the other. The two extreme cases 
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in regard to this point which may be noticed in the table, 
are number 25 and number 1. The 8-inch shell used in 
our naval service is fired with a charge which exhibits the 
proportion of less thaji 6 ounces oi powder to every square inch 
of the shot's section, and in the same way, to every square 
inch of the shot for the new 35-ton gun, there is no less 
than 18|-ozs.of powder ; but as the specific resistance of the 
shot in one case is only 16-oz8., while in the other it is 
108-ozs. per inch, it is less surprising that the velocity 
which is really obtained with the smaller degree of pressure 
is 1810-feet per second, while that of the other, subjected 
to nearly four times more pressure, is only 1320 feet. 

But this is not the only reason of this great difference of 
velocity, as will bo seen by regarding the succeeding details 
in the table. 

Column N. — Length of bore occupied by the charge of 
powder. 

Column 0. — ^Number of full expansions of the charge 
permitted by the length and capacity of the bore. 

Gunpowder is a combination of matter iii a convenient 
form for use, which is capable of becoming converted by a 
sufficiently rapid, but not too quick, combustion into elastic 
fluid in a state of high tension. There is every reason to 
believe that all solid matter is susceptible of being similarly 
transmuted or sublimed. When matter is dense, and more 
or less coherent, as in solids or liquids, it is made up of 
atoms which are so related that they are muluallt/ attractive : 
or inclined to approach each other, and when the particles 
are free this attraction causes them to arrange themselves 
into the form of the sphere. This is witnessed in the drop of 
water, tlie globule of mercury, or the lead converted into soUd 
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spheres in falling through the air. May it uot then be said 
that all material bodies, irrespective of size, for this is a 
mere relative term, are congeries of atoms which resemble 
planetary systems^ without their centrifugal force f When 
however any such a combination or system of matter 
becomes acted upon by a higher degree of heat than its 
specific nature can endure as a latent and more or less 
inactive principle, the relations between the atoms of which 
it consists undergo a radical change ; they lose their attrac- 
tiveness for each other, and become mutually repulsive : they 
break away from the bonds which pre\'iously held them 
together, and become impelled outwards from each other, 
and away from the centre of the sphere, to which, mider 
the law of attraction, they were immediately connected. 

It seems as if the only way in which these remarkable 
phenomena can In any way be satisfactorily accounted for is 
upon the hypothesis that Caloric is not, as it has often been 
considered, a mere quality or property of matter, but that 
it is really a mighty force or principle akin to that of gravity, 
but acting in opposition^ though suhordinately to it. There 
certainly is a sense in which caloric may be fairly said to 
exert a power probably only inferior, in the extent and 
importance of its operations throughout nature, to the law 
of gravity itself. Caloric, with Electricity, and possibly 
Light, as adjuncts, may be the powers which are required 
to rule over and regulate matter as it exists in that diffused 
state in which the atoms are beyond the reach of each others 
attraction, and when gravity can only govern them in their 
aggregations. We see the operation of heat in the enlarging 
of the volume, and diminishing the density of all sohds ; 
then reducing many of them into liquids which is that neutral 
state at which the specific attraction of the atoms towards 
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a common centre is just balanced by the force which would 
divide them, or destroy their cohesion ; a higher degree of 
heat converts the liquids into fluids, having a greater or less 
elasticity in proportion to the measure of caloric they are 
subjected to. We can continue to observe the action of this 
mysterious agent upon the gaseous elementary represen- 
tatives of the earth's materials, as they float in the lower 
strata of our atmosphere, — ^held by gravity within our general 
sphere, but their own particular systems literally " dissolved 
by fervent A^ai," — ^but, as the field of operation extends 
all physical science comes to a fault, because the condition of 
diffused matter becomes too subtle and etherealized for our 
senses to appreciate : we seem to approach that ultimate boun- 
dary line probably subsisting between matter and those entities 
which can only be dealt with in metaphysical reasoning. 

Gunpowder is converted into gas by the heat accompa^ 
nying its combustion, just as water is into steam, or quick- 
silver, or any other metal, mineral or substance, iron 
and stone, as well as wood and coal are into elastic 
vapours ; and in this form they become diffused and inter- 
commingled, to be again re-combined and re-constructed by 
the ceaseless action of the chemistry of nature. 

As therefore the power from exploded gimpowder is 
wholly derived from the mutual repulsion of its atomic 
constituents, its mechanical force must be one which acts in 
radiating columns, and consequently it becomes a pressure 
which is equal in every direction. A beautiful familiar 
example of the uniform action of elastic force is seen in 
the soap bubble which children blow out of pipes. The 
delicate film of water, rendered more coherent by holding 
the saponaceous matter in solution, severs all connection 
with the outer system of atoms in the atmosphere, and 
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therefore the pressure from within is seen to extend the 
confines, not in the direction of the blast, but in every 
direction with exquisite precision, and a globe is formed; 
this globe would be mathematically perfect in its proportions 
but for the weight of the film and the gravity of the air 
itself. 

K then, as no doubt it will be freely admitted, the 
force of a charge of powder in a gun is the result of pres- 
sure acting equally in every direction, I invite attention to 
the different circumstances under which the various charges 
must act in the guns represented in the accompanying 
diagrams, page 58. 

At first sight there might appear to be an advantage likely 
to accrue from the employment of powder in small-bored 
guns with long cartridges, on the assumption that it might 
bj^ar some analogy to the case of liquids in the pipe of a foun- 
tain, in which the pressure on the sides of the pipe is known 
to be far less than it is on the end where the jet is formed ; 
but it will at once be seen that there is no similarity whatever 
between the two circumstances, because the pressure which 
produces the fountain jet is solely due to the superincum- 
bent weight, by gravity, of the column from the reservoir 
above the fountain, but the pressure of the gas within the 
gun is force solely emanating from the body of the gaseous 
mass. 

If gunpowder be exploded in a perfectly spherical chamber, 
its force, being equal in every direction, would tend to drive 
every part of the surrounding substance, with equal velocity, 
away in lines radiating from the centre of the charge. If 
however the chamber were not spherical, but of other form, 
such as that in which steam engine boilers are made, or as 
the cylindrical chamber of a gun, still tlie presdure over the 
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whole interior would be equal in intensity, whether the 
cylinder filled by the charge be long or short in proportion 
to its diameter; on the ends therefore, as on the sides, the 
pressure would be in proportion to area. If then, the bore 
of a gun be large, the surface of the shot acted upon by the 
force, represents a greater proportion of the whole area of 
the chamber, and would necessarily be pressed by a greater 
number of columns; on the other hand, if the bore be 
small, the shot would receive impulse ©from fewer of the 
columns directly, but they would be deflected from the sides 
and flow like a stream, and so continue the pressure, which 
would diminish less rapidly because the space or volume of 
an equal measure of expansion of the charge would represent a 
greater distance moved through hy the shot, . The result 
however in the vis viva of the shot would, if nothing else 
had to be considered, be precisely the same in both cases, 
provided the total resistance or weight of the shot distiihuted 
over the whole area were equals which of course would involve 
one projectile being shorter than the other, or else of a less 
density. The greater amount of pressure on the larger area 
would produce motion more rapidly, but the pressure would 
proportionably decrease more quickly ; while the less force 
upon the smaller area would be slower in its operation, but 
it would in similar proportion be maintained for a longer 
space, and consequently the gun must be made longer to 
enable it to do so. It must be observed, however, that the 
effect of narrowing the outlet of the gas by reducing the 
bore of a gun, necessarily involves the sustained action of 
the full pressure of the gas on the gun for a longer interval, 
tending to burst it, and also that there must be a positive 
loss of force occasioned by the reduction of the heat of the gas 
through its continuing to be absorbed for a greater length of 
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time by the metal which confines it. 

The question has next to be considered in relation to the 
space into which the charge is capable of expanding before 
the shot isiues from the muzzle, and all further power in 
the gas is simply expended on the air. Theoretically, the 
elastic gas would continue to accelerate the velocity of the 
projectile till its tenuity became such that its pressure was 
only equal to support, without moving, the load of resistance it 
encoimters, just as. about 30 inches of quicksilver, and no 
more, is supported by the atmosphere in a barometer tube, 
or so much weight of water in a pump. So long as there is 
more pressure from behind urging the shot forward, than 
there is in front to retard it, its motion would continue 
to be accelerated. 

It has only been within the last year-and-a-half that 
anything definite has been known as to the degree in which 
the force of gunpowder diminishes as its vapor expands. 
The valuable experiments made by the Woolwich Committee 
on Explosives have however thrown much light upon this 
point, and judging from the facts disclosed in their published 
preliminary report, it is evident that the elasticity of this gas 
is not maintained in the ratio of its density, according to 
Marriotte's law, which is generally accepted as sufficiently 
accurate for determining the pressure of gaseous fluids, 
where loss of heat is not an element of importance, but 
that, owing no doubt to the very high temperature of the gas 
thus evolved under vivid combustion, and the reduction of heat 
by dilatation and its absorption through the metal which 
surrounds it, the tension is reduced so rapidly that the 
charge, in enlarging itself into double its volume, loses con- 
siderably more than two-thirds of its force. 

It was found by actual measurements, very carefully made 
by means of the Chronoscope in an 8-iuch gun constructed 
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expressly for 4he3e exi>eriment8, that with shot of 18U-lbs. 
weight, and a charge of 30 -lbs. of the common powder 
which has been used in our service, the internal pressure 
when starting the shot, amounted to 29.8 tons on e very- 
square inch ; but by the time the projectile had advanced 19 
inches, which was sufficient for the charge to expand into 
twice its original volume, the pressure had come down to 8^ 
tons per inch.* The necessary arrangements within tins 
gun admitted only of the effects of rather more than 4^ 
full expansions of the charge being observed, as the shot 
had only 4^ times the length of the cartridge, or 88 inches 
to travel between the points where the cutting wires were 
placed. The first full expansion of the charge produced a 
velocity of 940-feet per second; the second increased this 
to 1150-feet; the third to 1250-feet; and the fourth to 1310 
feet per second. The last 19 -inches of expansion, added 
but 25-feet per second to the velocity, already so great that 
tbat there was no time for much work. But what does this 
(additional velocity represent? It is an extra 185,000-foot- 
Ibs. in the vis viva of the shot. Had then the gun 
•permitted more of the expansive force to act, there would 
necessarily have been a further considerable addition to the 
force of the projectile. But this point must be considered in 
reference to the specific resistance of the shot to the charge, 
and not merely to its weight in a scale. 

When this shot left the gun it was still subject to a pressure 
of 16 cwt. per square inch, or nearly 120 atmospheres. The 
time within which the whole velocity was acquired was .0076 
of a second. This was with our RLG powder. 

The projectile was a long heavy one, like all those which 
we are making for our plate punching ordnance, and its 
actual resistance amounted to 3-lbs-9-ozs. on every square 
inch of its sectional area; and therefore as the force of 

* Vide Table, page 111. 



78 

tlic charge became partially exhausted it would act more 
feebly than if it had a lighter burden to carry, for the same 
reason that the pressure of the atmosphere wiU produce far 
more motion in lifting a column of water, than a column of 
mercury of equal length. 

It becomes therefore of great importance to determine how 
far, or up to what degree it is really practicable to utilize the 
expansive force of the gunpowder we employ in ordnance, 
and this will be found materially to affect the general 
question of calibre and whether we are doing right to 
restrict ourselves to small-bore rifled guns generally, as it 
seems to be the intention to do at present. If the principle 
of reducing the bore be right, why should it not be carried 
much further than it is, and instead of shot of about two 
diameters in len^h, why not have them much longer still ? 
Sir Joseph Whitworth has employed projectiles no less than 
ten calibres in length. If there is really an advantage to be 
derived from employing elongated projectiles, as no doubt 
there is, what are its proper limits? 

In the Enfield rifle, the service charge can expand more 
than 31 times its own volume in the barrel ; and when the 
gun is made shorter, I am told that there is a positive loss 
of range, and the bullet does not hit so hard. The resistance 
of this bullet is in the proportion of 6J-ozs. per inch of 
its sectional area. The bullet for the smaller bore Whitworth 
rifle offers a far greater resistance than this, it being as 
much as 16-ozs, per inch, although both bullets weigh the 
same, (530 grains,) and, with the same charge of powder^ 
the velocity of the latter, as well as its striking, (not pene- 
trating) force at the muzzle, is less than that of the Enfield 
bullet. 

These points however are more perfectly illustrated by the 



79 

facts which the table discloses in the examples, No. 5 and 
No. 20. The full service charge of 60-lbs. of powder which 
is employed for the 10-inch wrought-iron rifled gun, occupies 
very nearly 23-inches of the bore, and although the gun is 
one fourth longer than used to be considered desirable, the 
charge can expand only 6.3 times, and then the residue of 
the elastic force is expended on the air. The charge used 
for the other gun (No. 20) occupies only 4.7 inches in length, 
and although the bore is 3 -feet shorter than that of the 10- 
inch gun, the powder can expand into 23 times its volume, 
and so to this extent continue to accelerate the velocity of 
the projectile In the 10-inch gun, the initial pressure of the 
charge is exerted upon 719 square inches of the sides of the 
bore, tending to strain or burst it, and on 78^ square inches 
on the ends, tending to propel the shot in one direction and 
the gun itself in the other, so that the profitable employ- 
ment of this greatest pressure is in the proportion of only 
1 to 9.1 of the whole surface acted upon. In the other gun, 
a similar calculation shews the proportion of useful expen- 
diture of the initial pressure on the shot to be as 1 to 2.9 of 
the whole. 

Then with regard to the measure of expansion. In the 10- 
inch gun the charge of 1800 cubic inches of powder will 
continue to act on the shot only till it has enlarged itself 
into 11,400 cubic inches of gas; but in the other case the 
150 cubic inches of powder will continue to accelerate the 
velocity of the projectile till it has expanded into 3400 cubic 
inches, the proportions of course being the same as I have 
before stated, viz 6.3 times the volume in one, and 23 
times in the other. The practical result of this is that every 
cubic inch of powder in the large gun yields 5822 foot-lbs. 
of force in the projectile, or 161,300 foot-lbs. to every 
lb. of powder; while in the other gun each cubic inch of 
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powder jrivos 7C33 foot-lbs. of force, or 272,600 foot-lbs. 
to every lb. of the charge. 

"VVTien the same proportion of charge to the weight of the 
shot is used for both gUDS, viz., one-tenth, there is still a 
difference in favor of the gun which has the larger bore in 
proportion to its length, as 272 to 194, in the "work" 
performed, (vide No. 6) ; and if these two guns are yet further 
compared, as regards the striking force of the shot obtained 
with an equal quantity of powder at long ranges of three or 
four thousand yards, it will still be found that the relatively 
larger bore 32-pr .yields higher results. The fact of these two 
guns being of different powers can scarcely affect the calcu- 
lations, so as to disturb the comparison because it is wholly 
a question of principle^ which is involved, and as such 
may be carried out to any extent. What was true in 
the case of my rifled 9 -pounder service guns, was equally 
true with respect to the 32-pounders, and also the 68-pound- 
ers. Would it not therefore he equally successful in guns of 
very much larger 4)alibre such as the American ordnance. 

There is however one thing to be considered in reference 
to the nature of the projectile employed for the cast-iron gun 
{No. 20.) Being an expanding shot, there was certainly less 
escape of the gas through windage. As I have before stated, 
I made such an arrangement of the piirts that the gas should 
not be whoUy prevented from passing the shot, as was proved 
by there being sufficient of the flame to ignite an ordinary 
time-fuze in front, but still there was doubtless considerably 
less escape than with the studded projectiles, and this would 
affect the results, but it could not go very far to account for 
the great difference observed. In the Armstrong breech- 
loaders there is literally no escape of gas, yet it will be seen 
that the velocities obtained^with them are in fact absolutely 



less than that of other guns, and this can only be attributed 
to the increased friction and atmospheric resistance within 
the gun. 

I have now to refer to other points of very great impor- 
tance in the consideration of the efficiency of ordnance. 

Generally it may be said that the power of artillery 
<lepend8 upon three main qualities, besides the question of 
range. (1.) T%e force vnth which the projectiles fired will 
strike, (2.) The extent to which they will penetrate on stri- 
king. (3.) The diffusive effect they will produce as shells to 
hurst and scatter their fragments. 

As regards the latter quality, it can admit of no doubt 
that any reduction of calibre must be attended with dis- 
advantage, because, if other thing! were equal, the shell 
which has the greatest capacity must necessarily be the most 
effective; and capacity increases in a higher ratio with 
diameter than with length. But as regards the striking force^ 
and thQ penetrating power of missiles, these are not correlative 
qualities: there might be great power, but comparatively 
little penetration. Penetration depends upon the quantity of 
matter to be displaced, and therefore the force to do this 
most effectually should be concentrated within the narrowest 
compass. The conditions are exemplified in the cutting edge 
of the knife, or the point of the needle. There can therefore 
be no question as to the advantage of the small calibre for 
this, so far as we can obtain sufficient power to drive the 
point; but to get that power we must have breadth of area. 
This becomes a very nice question to consider. We must 
have area, or in other words, calibre, in the gun, because 
we must have space for expansion, and we cannot get it 
lengthwise in caimon, as we may in smaU arms. 

In penetrating an elastic fluid, such as the air, upon 
which the question of range mainly depends, the resistance 
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to be overcome is directly as the number of particles of 
matter which have to be displaced in a given time, and the 
velocity with which they must move. It seems to me there- 
fore that the truest general expression we can employ of the 
power ill the several projectiles, which are under comparison, 
to overcome this in the first instance is found in 

Column P. — Vis Viva of Projectile at muzzle in propor- 
tion to the area of section. 

It must always however be borne in mind that these 
figures represent the force of the shot at the muzzle of the 
gutis^ where the velocities have been accurately observed or 
determined. In order then to judge of the degree in which 
these would be diminished in the course of their flight, by 
having to penetrate the air, reference must be made to 
Column M, which shews the weight of the shot in propor- 
tion to its area, and the greater this is the longer the force 
will be maintained. 

As the range of a projectile is simply the extent of its 
penetration through the elastic medium of the air, (for we 
may leave gravity out of the question, as it only changes 
the course without impeding it,) the amount of this pene- 
tration will, so long as two projectiles travel with an 
equal amount of vis viva^ be relatively greater or less in 
the proportion which their respective weights bears to their 
area of section; because the only resistance they have to over- 
come in moving forward arises from the atmospheric pressure, 
which is as their area. There is so much matter in the 
air to be moved out of the way, and so much force must 
be expended in doing this. Thus all shells, or light shot 
fired with the same charges as solid or heavier shot have, 
at very low elevations, a longer practical range than the 
others, by reason of their higher velocity. This may be 
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seen in all tables of gunnery practice ; and it is a matter of 
very great importance where short ranges have to be 
considered. But the vis viva of all projectiles must naturally 
diminish as the work of penetration goes on. The more air 
there is to be displaced in the projectile's path, and the 
less time there is to do it in, so much more rapidly will 
the vis viva of the projectile be destroyed. 

It is desirable therefore to have some means of judging 
of the degfee in which the various shot will maintain their 
power of penetrating the air. The necessity for such a 
discrimination may be seen by comparing the examples 20 
and 26 in the General Table, No. 1. The 32 -pounder solid 
shot, fired from a common smooth-bored gun with the 
service charge of 10-lbs., starts with a force of 1,403,600 
foot-lbs. ; the elongated shell of 50-lbs. fired with 5-lbs. 
charge from the same gun, when rifled, starts with only a 
force of 1,146,200 foot-lbs, or about 19 per cent, less than 
the other. Owing to the higher velocity of the light shot, 
(1690 feet instead of only 1213 feet,) the range of the round 
shot, up to about 2° of elevation, is the greater of the two. 
But when both these shot have gone about 2000 yards it 
will be seen by Column H that the heavier shot, although 
starting with so much Uis velocity, is then travelling with a 
considerably greater speed than the other. It has not lost 
so much of its force, and has consequently overtaken and 
passed it, winning the race by its lasting powers. Other 
similar instances wiU be found throughout the table. One of 
considerable importance, for example, is seen in No. 24 and 
17, where it will be seen that the mean velocity of the 68- 
pounder round shot, with the service charge, in a range of 
720 yards, is 1440 feet per second, while that of the shot, 
nearly the same weight, from the Palliser gun is only 1097 
feet per second ; the latter gun requiring an elevation of 
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l.o25 ', for a range of 7G1 yards ; and the other covering it with 
an elevation of I0.5 ' ; and the round shot at this distance 
having a greater force, as 2193 is to 1097. The trajectory 
of the round shot therefore ujy to this point is so much flatter 
than that of the projectile flred from the converted gun ; and it 
is really flatter for any range up to about a mile. It has a 
larger charge. 

As the velocity of the several projectiles, in consequence 
of their different weights, diminishes during iflight in a 
constantly varying degree, it is not possible to find a correct 
measure by which to judge of their relative power of main- 
taining their course throughout a long iflight. But the 
figures in Column P indicate, I think, correctly, the power 
of each, with their respective initial velocities to overcome 
the resistance they meet with from the quantity of air, or any 
other matter, (as regards mere weight,) which may be an obsta- 
cle in the shots path to be removed : and so by making an allow- 
ance for the varying velocities we may form a tolerably accurate 
computation for short ranges. When, however, in the course 
of flight the velocities have become equal, we may. by referring 
to Column M, which shews the weight of each to its area, 
ascertain something more definite. At this stage the power 
of continuing to do the work before them will be relatively 
greater or less in each shot, according to the figures shewn. 
In a general way then this may be taken as a fair measure 
of the comparative power of each at medium ranges. But it 
is in very long ranges that the advantage of greater weight 
chiefly manifests itself. To employ much heavier shot for 
short ranges might be as disadvantageous as to use light shot 
for long distances, as we must employ higher elevations, and 
thus having a higher arch of trajectory, the command of 
intermediate distances between the gun and object is less 
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four or five thousand yards would necessarily imply a shorter 
point blank range, which might be of greater general value. 
Reverting therefore to the particular examples I have just 
referred to, (Nos. 20 & 26,) it will be observed that although 
the power of the 32-pounder round shot with the service 
charge, is greater, at first, than that of my 50-lb. shell, 
from the same gun, rifled, and fired with half the charge, 
as 44 is to 35.9, (Column P,) yet, at about 1000 yards the 
velocities have come down so differently that here the heavier 
shot has rather the greater speed, and at this point it has 
more power of continuing to overcome resistance in about 
the proportion of 1.57 to .99. We are therefore prepared to 
find, as we do, in Column H, that at considerably more 
than 3000 yards, the 50-Ib. shell has a higher mean velocity 
than the round shot at about 1900 yards. 

But these terms in Column P do not correctly represent the 
relative penetrating power of the shot into sohd coherent 
matter, for in this case there is the union of particles to be 
severed. The highest example of this kind of resistance 
which we have to deal with is found in the iron armour plate. 
In order to punch holes in boiler plates, the engineer has to 
consider the thickness of the iron, and how much of it has 
to be torn or cut through, and he therefore applies power 
in proportion to the depth and circumference of the holes to 
be made. The smaller the holes are, the less power is there 
required; consequently the smaller the circumference is of 
a projectile moving with a given force, so much the greater 
will be its penetration when exerting its force to overcome 
the resistance of this kind opposed to it. 

By the same rule therefore that we may estimate the 
power to overcome rcsistauce, which is as the area^ we may 
also determine the power to conquer resistance, which is as 
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tho circumference, 

T liavc therefore iutroduced the following figures into the 
table, — 

Column Q. — Vis viva of lyrojectile at miuzle^ in proportion 
to circumference, — 

This must be the punching power of the several projectiles 

with the velocity at which they start, and have work to do 

in proportion to their size. 

Column R. — The same in ptvportion to every lb. of Powder 
in the charge. — 

These also being the forces at the muzzle of the gun^ they 

must, in regard to penetration of solids, be considered in 

reference to 

Column S. — Weight cf Projectile in proportion to drcum- 
ference, — 

This will determine the relative punching power at eqtial 

velocities, or in a general way we may say at medium ranges. 

Two shot, of equal size but of different weights, moving 
with the same velocity, might effect partial penetration, but 
the heavier shot will continue to penetrate longer, and go 
deeper than the lighter one, because in its greater weight it 
has a greater store of force. 

Previous to the introduction of iron defences, the pene- 
trating power of projectiles, although important, was a 
matter of far less consequence than it is now, when, unless 
the armour of a vessel can be pierced she is invulnerable. 

For defensive works of other kinds, such as those of wood 
stone, rubble, or brick, powerful projectiles can work 
destruction by what is termed technically their "racking" 
effect, or the effect of the general force of the blow in 
tihatterlug and shaking down the edifice. But the tenacity 
of iron bcrv^is to prevent this by distributing the momentum 
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over the whole mass struck, while its density absorbs 
so much of the vis viva of the shot striking it as the time of its 
action will allow it to take up. It is consequently necessary 
to intensify the action of the penetrating body, so that the 
time of the force, (or the velocity of the shot,) shall be 
reduced as little as possible in having to remove the substance 
in its path : and if this velocity is greater than the elasticity 
of the substance struck is able to diffuse, the coherence of 
the matter becomes destroyed, and the shot will continue its 
course with so much vis viva remaining in it as the obstruc- 
tive matter had not time to absorb. 

To make projectiles penetrate iron armour plates, the 
work to be done is this : — we have to break up and destroy 
the cohesive force which binds together the atoms of iron, by 
directing upon them the repulsive force of so many atoms of 
matter in the form of gas; the projectile being the mere 
vehicle for the transmission of the power. 

Every grain of gunpowder when resolved into the gaseous 
state represents an effective force so many atoms strong, 
capable of overcoming the coherence of a certain limited 
number of the combined atoms of iron confronting it. There 
is comparatively but little difficulty in conquering the iron 
when its atoms are spread out and open to attack on a broad 
field, as in plates of moderate thickness, because then we 
can set in motion a sufficient army of atoms of gas to attack 
it with : but owing to the restrictions we are under as to the 
length of our guns, the amount of power we can bring to 
bear on a given space is practically limited by the quantity 
of powder we can inflame within corresponding limits. 
When ther^ore the iron is very thick, the atoms support 
and protect each other in their formation as a deep column, 
and therefore the numbers we might effectually cope with in 5 
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ftT B-iii. plutc8, can defy us when they present a much narrower 
front in very much thicker plates. Their resisting power then 
increases in a higher ratio than our power of assailing them ; 
the fine of ciroumfebence being the line of cohesion^ or 
front ojuMi to assault ; while the power of attack diminishes as 
the AUEA. of front lessens, because we cannot bring so much 
|K)wder to bear upon it. 

Tlie powder, to gain life and motion, must have space to 

move in ; every cubic inch of gas must increase into and 

pervade so many more cubic inches, and it is only as it does 

this that the projectile can become imbued with its active 

(jualities. To concentrate the diffusive force, we must collect 

it in the mass of the projectile we place before it, every 

atom of matter in which will gather to itself so much of the 

force, in proportion to the time it is being acted upon^ until an 

equilibrium becomes established between the resistance of the 

projectile, and the strength of the gas to move with the 

burden which loads it; at that point the shot will have 

acquired its maximum velocity. But just as we tax the 

strength of the gcos, and reduce its speed by giving it a 

greater weight to move, we shall lose instead of gain, unless 

in the same proposition we provide greater space for the gas to 

work in. We might continue, up to the ultimate strength of 

the elastic force, to collect more power as we extend the time 

of action but in order to accomplish this we must have 

extended acceleration. Instead of the gas expanding 

as it would do naturally into the form of a globe, we 

force it to enlarge itself as a column, so as to drive the 

shot before it ; and if we do not utilize the full available 

length of the column, we must fail to obtain the highest 

result. 

A full head of steam will propel a locomotive engine, by 
iUelf, on a railway at the rat<ii of seventy miles an hour, or 
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perhaps more, in doing which, every atom of matt or in the 
locomotive is impressed with this velocity, as every atom in 
the projectile is also affected. If, however, the engine is 
attached to a heavy train, the same pressure of steam can 
only propel the greater weight perhaps 20 miles an hour, 
impressing this lower velocity on every atom moved; 
and just in the proportion as the whole weiglit moved 
is greater, so much longer will it take for the engine to get 
up its maximum speed. When it has but its own weight to 
move, the engine will attain its full speed in less than half -a 
minute, while it is travelling about 150 yards ; but, if it has 
a train to draw, it must continue to move for several minutes, 
and pass over a quarter of a mile of ground, or more, before 
it will have acquired its maximum velocity. 

These general observations are founded entirely on the 
facts which I see before me in the practical results obtained 
with the various guns, as they are exhibited in the table ; and 
I believe that a careful study of the figures as I have collated 
them, will be found to corroborate what has been stated. 

In looking down the column R, which shews what may 
be considered to represent the primary penetrating force in 
solids obtained from every lb, of powder in the various charges, 
the prominent feature is the vastly greater force resulting from 
the explosion of the same quantity of powder in small guns 
than in the larger ones. It will be seen that in the riiied 
Field guns it varies from 16,000 to over 19,000 foot-lbs. of 
work done by the pound of powder ; while, in the heavy 
wrought-iron battering guns, made specially for penetrating 
iron armour plates, the work done varies from only 5,000 to 
7,000 foot-ll)S. 

This is mainly to be attributed to the enormous resistance 
which the great long shot offer to the expansion of the charge. 
For instance, the work done in the Whtticvrlh 3-inch gun 



90 

(No. 15,) is secQ to be as much as 19,200 foot-lbs. per lb. of 
charge, while that of the 11^-iuch guQ (No. 1,) is only 
about 4.370 foot-lbs. This however ceases to be surprising 
when we find that the powder in one gun, besides having 
more than one-third less room to expand in, encounters a 
deadening resistance to its expansion, of 6.73-lbs. per square 
inch, (column M) while in the other it is only 1.98-lbs. 
Yet the large gun is generally regarded as designed, as 
nearly as may be, on the same principle as the small one, 
save as respects the peculiar rifling and metal it is made of. 
Both are examples of ver^/ sinall bore guns in proportion to 
their length ; the new 700-pounder is in fact only an 
exaggeration of the 12 -pounder, as regards the principle of 
its general design. Sir William Armstrong was the first to 
apply the reduced bore principle to ordnance in this country, 
and Sir Joseph Whitworth^ following in the same track, 
carried out the idea stiQ further, and no doubt with great 
success in small guns. It was a natural inference that 
a plan which proved so eminently valuable for small arms 
might be advantageously applied to large ones. But it appears 
to me that the principle upon which all the great modern 
improvements in fire-arms are founded ; — that principle which, 
when first seen applied in the old Minie rifle, created such a 
sensation about 20 years ago, is even now very generally 
misunderstood. The greater efliciency of the elongated 
projectiles has been ascribed to various causes, which really 
are mere accidents of the system. It has been called the principle 
of the small bore, and as such it has been applied, or adapted, 
in the construction of artillery. 

It may be seen, however, that just as we reduce the calibre, 
and increase relatively the length of the shot and cartridge, we 
in fact depart from the system which is so successful in small 
arms, unless in the same degree as we increase the length of 
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the charge, we also increase the length of the guns, which is 
what we sinaply cannot do. To apply the Minie rifle system 
to ordnance, it is of course necessary to respect all the 
conditions involved; if therefore it is treated as a <iiiostion of 
small calihre, and we attempted to make a 12-inch cannon of 
similar proportions to those of the Whitworth small arm, the 
gun would have to he 78-feet long, which I suppose may he 
set down as an absurdity. And if we were to make a Whitworth 
small arm, following the proportions which we see in our new 
700-pounder small bore, allowing precisely the same space in the 
barrel for the powder to expand in, its length would he just 
eight inches ; it would be nothing else than a pistol, and no 
amount of overloading will make a pistol shoot with the force 
of a gun properly charged. 

The real principle involved in the elongated Minie bullet in 
no way requires the slightest reduction of calibre. The bore 
of rifles was reduced merely as a matter of necessity* arising 
from the excessive weight of the ammunition that must be 
employed for it. The greater length of the bullet conducing 
as it does to precision of flight and force of penetration, if the 
ordinary bore were retained, the gun would become too powerful 
a weapon to be used from the shoulder, and it had therefore to 
be made on a smaller scale. The principle of the improve- 
ment was this. — By employing a greater weight of shot in 
proportion to the charge^ the elastic force being restrained by the 
weighty the projectile gains time for absorbing itsforce^ and its 
greater mass possesses a higher capacity for carrying it; but if 
there is not the space in the gun for the expansion to lake 
place, we cannot gain this lime. 

Now there are two perfectly distinct methods of working out 
this principle. — 

The method which has been followed consists of limiting the 
calibre^ and obtaining the greater weight of shot by greatly 
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increasing its leng^th. I have shewn what efTecti arise Ironi 
doing this, as guns increase in size. (1) The charge is 
necessarily extended through a very considerable proportion of 
the gun's length, leaving comparatively little room in which 
it can expand and propel the shot. (2) The resistan«e of the 
shot is increased because the gas can only exercise its force 
on the area exposed to it, and it consequently has to labor 
more over its work; its vigour is oppressed and prevented 
from becoming developed, as the speed of a train when starting 
is leisened by the weight it has to carry. (3) Besides this,^ 
there arises an enormous increase of strain upon the gun, 
far beyond the proportion of force which is expended on 
the shot. 

The other method is to obtain the greater weight by employ- 
ing a greater calibre, and having only such a length of cylinder 
in the projectile as may be found sufficient to give that 
steadiness to it in passing through the gun as will afford the 
required precision of flight. By doing this we obtain (1,) 
greater capacity in the gun, as the chai>^e occupies less of its 
length, and can expand more fully ; (2,) the shot presents a 
greater area to the charge in proportion to its weight, and 
consequently offers less resistance to the expansion; it is 
therefore moved with less effort, and at a higher velocity, by the 
pressure continuing longer to accelerate it ; and (3,) the gun 
is far less strained, because there is less accumulation of force 
required in first moving the shot. ( Vide diagram^ page 58.) 

This is the principle represented in my rifled cast-iron 
service guns; and I contend that it is in fact a much more faithful 
rendering of the principle of the small arm than that which 
has been generally followed. That it is a sound principle there 
is this evidence. — Every lb, of powder yields a greater result ; 
and besides this^ guns of any size or power may be made in 
accordance with it; whereas on the other plan the difficulty 
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of providing strength in the gun to resist the presssure necessary 
for. overcoming the ffesistance of heavy projectiles when it is 
applied at such disadvantage, limits the power to be obtained, 
even with wrought iron. 

The thickness of expensive coiled wrought-iron round the 
bore of the 700-pounder small calibre gun, is no less than 22^- 
inches; the length of the bore is 16-feet. In this direction I 
think we could hardly go farther. But if the strength of 
material which there is in this gun were differently applied, it 
might yield far greater force, and even greater weapons might 
easily be made at far less cost. The small bore^ or high pressure 
principle^ involves waste of the force^ not only of the powder we 
bum^ but also of the material we use to control it. 

Column T. Vis viva of Projectile inproportion to the weight 
of gun. 

The great fact which is brought out here is that notwith- 
standing the vast superiority (and cost) of the material which 
we are now employing for ordnance, we really get little or no 
more force out of it, weight for weight, than we do from 
ordinary cast-iron ; the use of which material is proposed to 
be given up, because it is said to be not strong enough. It 
will be seen that every cwt. of cast-iron in our old 68-pounder 
smooth bore guns (No. 24,) yields over 27,000 foot-lbs. of 
power; and that out of coiled wrought iron, which is stronger 
in the proportion of 60 to 19, we get only about the same. 
All the various new wrought iron rifled guns, with full 
battering charges, yield no more per cwt. of metal than from 
27 to 29 thousands foot-lbs. Yet, out of our old brass 12- 
pounders, we have always got more than 35-thousands foot-lbs. 
of work per cwt ; and it will be seen that with the American 
Rodman 15-inch gun (No. 32) as much as 42-thousands foot- 
lbs, per cwt. has been obtained out of cast-iron. 
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It is not to be supj)osod that after ten years* experience we 
do not load our wrought-iron guns as h«ivily as we might do. 
In one sense we overload tliem. The inevitable conclusion 
therefore is, that either we cantiot employ the whole 
strength of material we have at command, or else that we do 
not apply it vnsely in the design of our weapons. But is there 
any remedy for this ? All our new guns have been carefully 
schemed according to the dictates of experience. After 
plunging somewhat hastily, years ago, into a new system which 
landed us in a very serious difficulty, wc have latterly been 
very cautiously feeling our way towards the object we have in 
view, advancing only step by step as we found practically the 
ground was safe beneath us. And the work we have been now 
for some years turning out is doubtless good useful work. This 
may be admitted ; but yet it may also be true that we possibly 
have been following a single beaten track too far, and that a 
closer examination of the general principles which govern the 
question might carry us into another path which is broader 
and more direct. 

I have alluded to the principle which is implied in the 
elongated projectile; defining it as that which consists of the 
employment of heavier shot in proportion to the charge of 
powder, with the absolute condition that the shot shall have 
greater time, while in the gun, to absorb the force with which 
the gas expands. Now that it is truly so, I think can be 
proved to demonstration by the evidence of practical results. 
In the following table I have re-arranged the figures which are 
found in the general table I have been referring to, simply 
changing the order in which they there stand, and bringing the 
various examples into numerical succession, according to the 
proportions which the several charges employed bear to the 
weight of shot fired with it, as shewn in Column K. I begin 
with the lowest, and end with the highest charge 
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General Table, No. 2, shewing the increase of striking 
and penetrating force obtained with the same quantity of 
powder, by employing projectiles of greater weight in pro- 
portion to the charge when the bore of guns has capacity to 
alloiv of sufficient expansion of the gas. 
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* Pebble powder used. All the oiher results are from ordinary powder. 

t These figures represent magnified proportions. The charge for 
the small arm is seventy grains, or exactlj one hundredth of alb. 

X Estimated from anaLigous cases. 
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I must bespeak a careful study of the facts which are brought 
out in this table. Their significance wMl grow on our appre- 
ciation the more closely they are examined. I believe it is the 
first time that any such general view has been presented of how 
the propulsive effects obtained by the explosion of gunpowder 
in different kinds of ordnance stand related to their causes. 
By thus bringing together systematically a great body of 
affiliated facts, that they may be compared and examined by 
the same equal tests, we shall find far safer grounds for forming 
general conclusionf about them than any abstract theoretical 
reasoning cae afford. 

In the course of the investigation I have been making, a 
great many facts of an apparently irreconcileable or anomalous 
character have presented themselves. — We shall find in this 
table the means of perfectly explaining and accounting for 
them ; and as we thus trace them to their source, we may also 
find in them some important lessons for our guidance. 

It is impossible to avoid being startled as we look down the 
figures in column I, and observe the remarkably different 
results in the amount of force which the various guns produce 
with the same quantity of powder ; — difference which in some 
instances, considerably exceed a hundred per cent., and which 
cannot be attributed to the length of the guns, for in this 
respect there is little or no discrepancy in these particular cases. 
We have shorter guns yielding more than long ones, and we 
may also see absolutely weaker guns giving forth far more power 
than stronger ones. It is moreover a fact which is worthy of 
no little attention, that the highest examples of the utilization 
of forces, are by no means to be found among the latest adopted 
improvements. 

It may perhaps be urged, that as all we need care about is 
to get the weapons we want, we may be prodigal of our 
powder, and prodigal of iron, and perhaps also prodigal of ojir 
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money ; but this is simply to shut our eyes to the tnie principles 
of scientific economy, and to try to win by brute force instead 
of skill. The gun which wastes its forces cannot he rightly 
schemed; however successful it may, in certain respects, appear 
in comparison with others, there must be yet a higher^attain- 
able standard — a really better gun, or more perfect instrument, 
in which sound mechanical principles are thoroughly respected 
in its 'design. 

A glance at the two first columns, K and I, will at once 
establish the general truth of the theory, that as we increase 
the weight of projectile in proportion to the charge used with it, 
AND ALLOW THE FORCE TIME TO ACT, we obtain a more perfect 
result. At first sight there will appear among the figures to be 
exceptions to this rule ; bat on closer scrutiny, we may find by 
the other columns exactly why this is. Tf the lower proportion 
of charge does not appear to yield a higher return, we may 
generally see that it is either because the resistance of the shot, 
(col : M) compared with the pressure (L) is excessive, (in 
other words that the elastic power is overloaded;) or else it is 
that the charge has not space in the gun to duly expand, 
(col : O) and so the force is wasted. 

We may get a clear idea of what is signified by the figures 
in Column M, Resistance of Shot^ (as something distinct from 
the actual weight,) by supposing the projectile to be a piston, 
in a cylinder, loaded according to the amount of resistance 
denoted by the figures ; and that we had to raise the piston 
by pumping in air below it. In the example 1 a, a com- 
pression of one-tenth of an atmosphere beyond what is 
required to balance the external pressure would be sufiicient 
te establish an equilibrium above and below the piston. But 
with example 6a, we should have to go on pumping till we 
Ihad a ^compression of nearly one-fifth of an atmosphere 
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before any force which we had expended on the work pro- 
duced the slightest effect in moving the load of weight. 
To lift the piston we must go on pumping, and the work 
will get hardejr at every stroke. When we have accumulated 
a sufficient force, the piston will rise, but then only with a 
velocity in proportion to the power with which we could go 
on pumping ; we should have to labor nearly twice as hard to 
move the shot, Qa^ which shews a resistance of 2.92-lbs. per 
inch, as we should with the shot, la, which exhibits a 
resistance of 1.5 -lb. per inch, in order to produce in each the 
same rate of motion in the same time. Yet it will be 
observed that here it is the heavier shot which is moved with 
half the power that the lighter one requires. No. la is a 10- 
inch shot of 117-lbs. weight, and 6a is a 7-inch shot of only 
112-lb8. 

The analogy between the loaded piston and the shot in a 
gun is not quite perfect, because in the case of the piston 
the resistance is due entirely to the gravity of the load, 
while that of the shot is from matter to be set in motion. 
The cases however become more parallel if the gun is fired 
at higher elevations ; if vertical, there is the absolute weight 
of the shot to lift. But even when the gun is fired in a 
horizontal position there is still a fair analogy. There 
would not, in fact, arise such an accumulation of dead force 
against the shot before any motion whatever was produced, as 
there would be against the piston: the shot will begin to 
move, however slowly at first, the instant that the blast 
from the first grain of powder ignited reaches it. The chief 
resistance to the first movement would be from friction 
of the shot lying on the gun. Yet the force will have to 
accumulate in order to overcome the resistance which the 
shot will offer. What is the nature of this resistance? 
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In the projectile there is so much matter which of itself 
is wholly indifferent to either rest or motion : this matter 
must be so acted upon that its condition shall be changed 
from a state of rest to one of very rapid motion. This 
-cannot be done without the exertion of a definite amount of 
active force upon it. The active force applied meets with 
•opposition, not less real because its character is somewhat 
difficult to define. Whether it is called "inertia," as 
Newton named it, or by any other term which may be pre- 
ferred, is of no moment. The shot will not move unless it 
is made to move by an effort of force exciting it, and the 
exact result of this effort is found in the vis viva of the mass 
after it has been subject to so much force, and by which it 
has been animated op quickened. 

I must cite another case. Compare 7a and 18a. The 
450-lb. shot for the 15 -inch gun, shews a resistance to the 
charge of 2.54-lbs. per inch, while the 400-lb. shot for the 
10-inch rifled gun offers 5.1-lbg. per inch. It will also be 
seen by column O, (Expansion) that the charge in the 15 -inch 
gun can expand into nearly 19^ times its volume, while that 
of the other only about 6^ times. What is the consequence I 
The Ji/tt/ pounds of powder produces, in the large bore, as 
much active force in the shot as sixtt/ pounds does in the 
smaller bore. We find the following figures by referring to 
the tables. — 

Charge. Shot. Velocity. '^^^\ZIu^ 
lO-in. Rifled Gun (18a) 60-lbs. 400-lbs. 1298-fb. 10,480,100 ft-lbs. 
15-m. American (7a) 50 „ 450,, 1220,, 10,416,500 „ 

Now in order to get this force produced under the different 
conditions, one of these guns must be made of wrought-iron, 
or it could not safely discharge shot which offer such obstinate 
resistance. This renders the gun about five times more costly 
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than the other which is merely cast-iron. It is no doubt 
true, that although the force of the projectiles from both 
these guns is about the same at the muzzle, those from the 
rifled gun would penetrate iron plates of a thickness which 
the others would not. This of course is very important. 
But still we see here the plan at work which the authorities 
of the United States have adopted, and I believe, still 
thoroughly believe in ; and it may be a question whether any 
ironclad vessel which we have built, or can build, would stand 
much of the racking effect which such blows as the above 
will produce. When we tried the experiment on targets at 
Shoeburyness, the effect of the 15 -inch shot was very 
severe upon the bolts and fastenings of the plates. 

The actual penetration was inferior to that of the elongated 
shot, and this was g'reatly owing to the form of the round 
shot which is essentially weak. The matter does not find 
that support in its coherence that there is in lengthened 
cylinders ; the iron breaks up around a perfect cone like a 
snowball. Still there is a significance in the above figures 
which we shall do well to study, perhaps more closely than 
we have hitherto done. 

As I understand the figures in the foregoing table, they 
point to a certain definite proportion of resistance being 
absolutely required in projectiles for different guns, in order 
to develope the full available power of the charge. The 
strength of powder of course has a limit, and it may he 
overloaded; we may give it more work than it can properly 
accomplish when restricted in its range of action by the time 
and space it has to work in : and the power of powder may 
likewise be sometimes undertasked; more of it may be used 
than can yield the full effect which it is capable of. There 
might not be sufficient resistance to its expansion. That this 
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would not be detected by merely considering the proportion 
which the charge bears to the gross weight of shot, will at 
once be seen in examples 3a and 4a, when two very different 
guns are fired with charges of one- tenth of the weight of 
projectile : in one of these, the resistance which the charge 
meets with in expanding ii considerably more than th7*ee times 
as muck as in the other. We find then the necessity for some 
such discrimination as is afforded by the division in the table 
L, which for want of a better name I have called " Pressure." 
The figures denote the quantity of powder which, as the 
charge is disposed in the gun, is contained in columns of an 
inch area, and stand against so many corresponding columns 
of resistance in the shot. 

Let the examples la and 29a be compared. These two 
guns are both about the same length, and they are both fired 
with the same charge of 8-lbs. of powder. This charge in 
one occupies 9 inches, or one-twelfth of the whole bore ; in 
the other it takes up but three inches, or one-thirty-fifth of 
the gun's capacity. The conditions under which the charges 
act, and the resulting effect are as follows. — 

Charge. Pressare. Resistance. Velocityi Vis Tiva, 

10-in. Gnii,.S. B. (la) 8-lbs. .102 1.5 940.6 1609,500 

24-pr. „ ditto (29a) 8-lbB. .3 .895 1720.5 1096,000 

The tame quantity of powder thus produces 50 per cent, more 
force in the larger bore. 

It will be observed that in this 24-pounder gun the charge has 
considerably more powder in every one of its inch columns 
pointing towards the shot, than even the 50-lb. charge has 
in the 15-inch gun, (7a,) where the quantity is only .28 of 
a lb. instead of .3. 

In the 12-pounder brass gun, No. 27a, the resistance of the 
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rouud shot is still less than in the IS-pounders, being only .765 
lbs. or little more than 13-ozs. per inch, but the power of the 
charge being less in proportion to it, (.241 instead of .273,) 
the economical result is better. The velocity attained is 
greater, being 1769.8 feet per second, and the vis viva of the 
shot, per lb. of powder, is seen to be 154,600 foot-lbs instead 
137,000. In the 18-pounder the conditions will be seen to 
be yet more unfavorable than in either of the others, and the 
result is seen to be only 131,000 foot-lbs. of force to every 
pound of powder. The eflPect of larger charges in proportion 
to the weight of shot, with the density of the shot diminishing 
regularly in gradations is seen clearly by the following figures. 
As the spherical shot become smaller, their solid contents 
naturally diminish in a higher ratio than that of their 
sectional area which the force of the powder acts upon and 
increases with. 

Round shot fired with service charges. — 

K L M I 

Weight of Weight of powder Redstanee Force prodaoed 
Shot to to square-inch of Shot per lb. of 

Powder. of Shot, per inch. Powder, 

(24a) 68-pr. ... 4.25 31 1.29 161. 

(28a) 32 „ ... 3.16 313 99 140.3 

(29a) 24 „ ...2.97 3 895 137 

(30a) 18 „ ...2.95 273 8 131.1 

(27a) 12 „ ... 3.18 241 765 154. 

(25a) 32 „ ... 3.95 25 99 160.9 

A man in the act of throwing a ball or stone moves his 
%and with a certain velocity, and in doing this accardin^f to 
his vigour^ the ball or stone becomes impressed with the 
velocity with which the hand is moved. It is quite clear that 
there ie a certain exact weight which .the ball ought to have, 
in proportion to the power which moves it, in order that the 
utmost propulsive effect may be obtained. A little boy 
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instinctively selects as his missile a smaller pebble than a 
strong boy; instinct or experience determines for each a 
particular size and weight. It is not what the boy can lift, 
or move slowly, but what he can throw farthest by moving 
most rapidly within the range of his hand's motion. If the 
ball thrown be made of pith, or other excessively light 
substance, the strength of the arm will be thrown away, 
because ih&te is nothing in the ball to take up and carry force. 
And also if the ball were 10 or 20-lbs. weight, the strength 
of the arm is also more or less wasted, because it would be 
oi'^burdened. In one case there is not sufficient work to do 
in the time^ and in the other there is too much. 

In the production of projectile force economically, there 
are two elements to be regarded, weight and motion (or 
velocity,) and neither of these must be sacrificed in order to 
employ an excess of the other ; the power which is employed 
must be able to assume the perfect command of both. 
Motion has all to be gathered in increments ; and the power 
must exert successfully its utmost persistent ejffort to move 
faster, and so expend itself within the time it has to work. 
The utmost possible eflPect will be obtained when there has 
been that exact adjustment of weight of matter to be moved 
in proportion to the force which is to move it, which permits 
the whole available force to culminate as vis viva within the 
time it acts — ^in other words, when the maximum velocity 
which so much force oak impart to so much matter, has 
actually been produced in the gun. A railway engine having 
exerted the whole of its power for a certain time, and moved 
the train it is attached to over a certain distance, more or less, 
according to the train's weight, at length produces the rate 
of motion which it will never be able to exceed, although it 
will be able to maintain it. 
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The theoretically perfect gun should produce a similar 
maximum of effect with its charge. The conditions are that 
there shall be no lack of weight in the projectile to carrj the 
force which is imparted to it, but yet that the shot shall offer 
no more resistance than the charge can effectually command ; 
and, at the same time, the charge of powder should be the 
largest that can be used, so as as to produce its highest possible 
effect within the compass of the gun^s length. Let it be first 
determined how long the gun may be, then the problem 
which follows is, what is the greatest effect which can be 
produced in this space, by the elasticity of the gas from 
gunpowder : 

But is it possible to realize these conditions ? Certainly 
Hot, as it appears to me, by following the course which is 
now pursued, when we find that every new gun which is 
designed is more and more wasteful of its forces — the powder, 
and the strength of the material employed to control it, 
yielding less and less return for every measure used. Where 
then lies the remedy ? Is not this indicated by the fact that 
as we obtain the force we want, by employing elastic pressure 
or power from eoopansion we should let the power expand and 
employ it to the utmost. 

In the Whitworth rifle, although a lead shot is used of 
three calibres in length, it is yet so diminutive that the 
natural energy of powder meets with comparatively very small 
resistance from it, and the gaa is allowed to expand twenty- 
seven times in the gun apparently with advantage. In our 
new wrought-iron cannon we give the powder a vast deal 
more work to do, and expect a full result to be developed, 
with only five or six expansions of the charge. (Column Oi) 
In the small arm there is no difficulty about working the 
powder expansively, as we want the barrel so long ; and we 
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also require the densest material we can find for the bullet, in 
order to get weight in which to husband the force commu- 
nicated. By this means we are able, with the force of 70 
grains of powder, to penetrate the air for nearly 3000 yards. 

But we want to magnify these effects, and must produce 
them in iron shot which are bigger ; and as they become so, 
they meet with more resistance. The resistance of the air to 
the Whitworth bullet, at starting, cannot be more than 
between three and four pounds; but to a 12 -inch shot, 
moving at the same velocity, the opposition must amount to 
the greater part of a ton ; and we have only the same 
propulsive agent to employ for both. For the smaller kinds 
of cannon we meet with little difficulty, because we are not then 
embarrassed with too much weight ; so that with shot of two, or 
even three diametres long, we find economical effects 
produced with short three-inch field guns, superior, con-^ 
sidering the means employed, to those of the larger kinds. 
This is seen in the range and penetrative power developed by 
these guns with small quantities of powder. But as the 
weight of shot increases in the ratio of the cubic contents, the- 
strength of the powder becomes overburdened, if for the 
larger kinds we keep to the same proportions of length to- 
diameter which answers very well for the smaller shot ; because- 
although we may still load the guns with the same quantity 
of powder in proportion to the weight it has to move, we 
cannot also provide sufficient length of gun to afford the 
requisite time for securing the maximum effect. 

We see the regularly diminishing series of results obtained 
with solid spherical iron shot as they become smaller. The 
heaviest of these evidently are not heavy enough in propor- 
tion to their size to afford the best results. We may use 
large charges of powder, and blow them out of our guns 
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with a velocity of 1700 or 1800 feet per second, but this is 
too fast ; — ^the effect is rapidly destroyed by the air. 

We see by the table that the 32-pounder round shot, (No. 
28a,) offers a resistance of .99 of a lb. per inch, and with 
.313 of a lb. of powder per inch, there is 140,000-foot- lbs. of 
force produced by every pound of powder. With the 68-pounder 
round shot, (24a,) there is, in the service charge, just about 
the same quantity of powder to cause pressure ; but, as the shot 
contains 1.29-lb. instead of .99-lb. per square inch, there is 
a better result, and every lb. of powder yields 161-foot-lbs. 
It is the same with all ; but if they are not heavy enough 
how much heavier then ought they to be ? 

For the 32-pounder rifled gun, (3a,) I added 50 per cent, 
to the weight of the round shot, and reduced the chaise 50 
per cent. I had then .156-lb. of powder acting on 1.57-lb. 
resistance per square inch of the shot's area. The gun 
therefore had less to do in governing the smaller charge. I 
obtained less velocity, and less immediate force ; but every 
pound of powder which I employed yielded 272.6 thousand 
foot-lbs, instead of 140.3 ; and the gun became far more 
effective than it was before, at more than twice the distance. 
Should I then have done better by making the shot still 
heavier ? I must in that case have still further lessened the 
charge, or tasked the strength of the gun more. This I was 
unwilling to do, although from what I now see, I might have 
done it with perfect safety. It may however be noticed what 
the effect is of further increasing the weight of shot in 
proportion to the charge. I did this with my rifled 68- 
pounder, (2a,) the charge being only jj-^^ instead of one tenth, 
and there being capacity in the gun for nearly 24| full 
expansions of the powder. I obtained a somewhat lower 
return from every pound used, viz., 251.9 instead of 272.6 
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thousand foofc-lbs. This is shewn further in the case of the 
10-inch smooth bored gun, (la,) the charge here being only 
j~Q with room for more than 35 expansions : the result is 
lower stilJ, viz., 201.2 thousand foot-lbs. This is still a very 
high rate, compared with what is obtained in the wrought- 
iron guns, with battering charges. An allowance must be 
made here for there being more escape of gas through 
windage, than with my projectiles. These two are the only 
instances to be found in the whole table where the law does 
not hold good that, "by increasing the shot's weight in 
proportion to the charge, and providing for full expansion in 
the gun, a greater result is obtained." Why is this ? 

Now of course there must be a point at which the gas, by 
increase of volume, becomes at length too attenuated and 
feeble to be able to add anything to the force of the shot;, 
and consequently that any length of the gun, beyond a 
certain amount, would be of no avail. What would this- 
depend upon ? 

It appears that all we have occasion to consider here is the 
resistance which the air will oppose to the shot This of course- 
must be greater or less in proportion to the velocity witb 
which it has to move. If, for example, the charge be large- 
enough to produce a higher rate of speed than that at which air, 
of the ordinary temperature, will re-occupy space, (about 1300 
feet per second,) there must then be at least an amount 
of resistance equivalent to a whole vaccuum pressure ; 
or nearly 15-lbs. per inch of its sectional area. 

If the velocity be less than this, the resistance of course 
must be rateably less. And this resistance would act upon 
the shot before it left the gun, so to prevent velocity being 
acquired^ just as it would afterwards, when destroying the 
velocity which had been produced by the greater pressure of the 
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powder-gas in the gun. So long Uien as the pressure of the gas 
is greater than the resistance of the air, that pressure must 
aihl velot'ity to the projectile. 

It is not very easy for us to realize the idea of such an 
enormous power being exercised by the atmosphere on 
projectiles, as it is certain that it does exert. In very early 
treatises on gunnery, no account was taken of it at aU ; and 
in many much more recent ones it has not received that notice 
which it really demands. 

When we vainly attempt with our bodily strength to move 
in the smallest degree one of the large 600-lb. shot, which 
we see piled up in heaps at Woolwich, we are naturally led 
to wonder at the mighty power which must be called forth 
capable of hurling such a ponderous mass to a distance of 
six or seven miles. But it is then scarcely present to our 
minds that, after all, the charge of gunpowder has really 
but little work to do in moving this weighty which we are so 
sensible of, compared with what it has to do in moving the air 
we breathe, becoming as it does an opposition force in front 
of the shot, which has to cleave its way through, and finds 
in the atmosphere a constant drag or impediment to its career. 

If this 12-inch shot is propelled at a greater velocity than 
about 1300 feet per second, its transverse section containing 
113 square inches, the resistance of the air to its progress 
will amomit to about 1700-lbs., or nearly three times the 
weight of the shot itself. This of coiu-se becomes less and 
less as the velocity decreases and the force of the shot dies- 
At page 10 I have shevni in one instance from exact 
measurements which have been taken, how this resistance 
tells upon the force communicated. It will be seen that 
in penetrating only 30 yards of air, the power of the 
common 32-poimder round shot is destroyed by the atmos- 



109 

phere, to no less an extent than 42, GOO foot-lba. or units of 
work, which is equal to more than 29 foot-tons. Such a 
fact seems hardly conceivable, but it is entirely beyond 
dispute. 

The only exact information we possess as to how gun- 
powder acts in communicating velocity to shot, by pressure 
which diminishes as the gas expands, is to be found in the 
Report of the Woolwich Committee on Gunpowder, to 
which I have before referred at page 77. The Committee 
explain how they measured the growing force of a shot as 
it passed through a gun of the ordinary proportions. 
The actual speed at different stages was ascertained by instru- 
ments of such marvellous accuracy, (electricity being the 
agent,) that intervals of time, occupied by the passage of 
the shot from one point to another inside the bore, could be 
measured to within the ten-millionth part of a second. From 
these "times of flight," of course, the velocities could be 
calculated. The Committee were also able by means of the 
Rodman pressure gauge, and also another gauge, still better 
adapted for the purpose, made at the suggestion of the 
Committee, to determine the maximum amount of pressure 
exerted on the gun at the breech end whero the gauges were 
fixed. From the maximum pressure thus ascertained, and 
the velocities determined at different stages of the shot's 
progress before issuing from the muzzle, the Committee 
estimated what the varying pressures must have been to 
cause the acceleration of the projectiles' speed. Assuming 
then these deductions to be correct, and that the diagrams 
of '• pressure curves," " time curves," and " velocity curves," 
which appear in the report are accurate, we may get an 
idea as to how the elastic force of the gas becomes reduced 
in expanding. By the calculated pressure curves it appears 
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that the charge of 30-lbs. of the common R. L. G. powder, 
occupying about 19-incheg of the bore of an 8-inch gun, 
when resisted by a shot of 180-lbs. weight, carefully turned 
so as to fit the gun as closely as would allow of its being 
rammed home without extraordinary means, produced in the 
gun, before the shot had moved more than a i-qf-an-inch from 
its position^ a pressure of 29. S per square inch. This was 
inferred from the indications of the gauges in the powder 
chamber, and also from the wonderfully rapid accumulation 
of velocity which was ascertained. 

The powder having all been ignited, the pressure began 
rapidly to fall, and when the shot had advanced, so that the 
charge had expanded into twice its original volume, the 
pressure had come down to only 8|-tons per inch. In the 
next full expansion it was only 5 -tons ; in the next, 3-tons ; 
in the next, 26-cwt. ; and at the last point shewn in the 
diagram, representing less than another full expansion, it 
was only 16-cwt. per inch. In the following table which I 
have compiled from the Committee's diagrams, the stated 
measurements will be seen. I have also shewn how different 
the pressures were when the new "pebble" powder was 
used, which, from not igniting so rapidly, caused far less 
'accumulation offorce^ (vide page 97.) The shot had more 
time to get under weigh. Its resistance was overcome by 
milder means ; the power acting more in the nature of a 
push and less as a blow. Instead therefore of the gun being 
strained by a pressure of 30-tons per inch, the maximum 
was only 15.4-tons, yet the total result was greater. This 
extremely important point has been for many years recog- 
nised in every gi*eat arsenal in Europe, and it is a significant 
fact that Great Britain has been the last to act upon it. 
We are only now beginning to do so. 
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Experiments made at Woohoich in 1869, by the Committee 
" on Explosives^^^ to ascertain the elastic pressure produced by 
different kinds of Powder^ and the velocities acquired by Shot 
at various stages within a gun. 

Gun used: 126 inchce long, bore, 8 inches. 

Shot: cylindrical, 15 inches long, 180 lbs. weight, 
diameter, 7.995. Charge 30 lbs. 

Maximum Pressure ascer-) t^t r^ -n j or^oi 
tained bv pressure ffauffes> ^^^ "^^^^^ 29.8 tons perm* 

placed in the powder chamber) ^^^^^^^^^^^'^^-^ » 



Distance mo- 

yed through by 

the Shot in 

the gnu- 



1 

2 

3 

4 

6 

8 

10 

12 

14 

16 

20 

28 

32 

40 

48 

56 

64 

76 

88 



|-inch 



>> 



inches 



»9 
i» 
it 
f> 
39 
9i 
i» 
>3 
9> 
it 
9> 

9» 



TIME 
recorded by Chronoscope 



RLO Powder 



.second 



.00049... 



.0008 ... 
.6613 ... 



.0017 ... 
.06:22' ... 



.0035 ... 
.0046 ... 



.0057 ... 
.6673 ... 



Pebble powder 



VELOCITY 
calculated 



.second 



;.0026 

' .(mi 



.0040 

!6b56* 



.0064 

,0675 



.0086 . 

[oioi. 



RLG 



ft. =f' 

sec. 



360 



510 
630 



780 

mi 



950 
1060 



1160 
1240 



1305 
1320 



Pebble 



ft.f' 
sec. 



80 



260 
460 



650 
760 



900 
1025 



1170 
1290 



1350 
1380 



PRESSURE 
calculated 



RLG 



tons'vlP' 
sq. in. 
.. 29 
.. 18 
.. 16.7 
.. 15.9 
.. 14.8 
.. 13.9 
.. 12.1 
.. 11.8 
.. 10.9 
.. 10 
.. 9.3 

O.ia 

6,5 
.. 5.8 
.. 4.7 
.. 3.9 
.. 3.1 
.. 2.3 
.. 1.7 
.0 



Pebble 



tons ^ 
sq. in. 
l.l 
6.2 
10.5 
13.4 
14.7 
15.4 
15 
14.2 
13.2 
12.1 
11.4 
10.1 
8.3 
7.6 
6.2 
5 

3.8 
2.9 
1.9 
1. 



It is impossible that anything more conclusive could be 
conceived as to the necessity for our employing powder less 
rapid in its combustion than that of the quality we have so 
long been using. It will be seen that with the old kind, 
the pressure mounts up to 30 tons per inch before the shot 
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may be said to have scarcely moved ; while with the new pow- 
der the pressure goes on steadily increasing as the shot 
moves before it for about seven inches, when it begins slowly to 
fall; and there being at this stage, so much additional 
room for its expansion, the maximum pressure never reaches 
much higher than Jialf that of the other. In the whole 
length of the gun both kinds will find the same space to act 
in, and both will exert the same total force ; but the powder 
which ignites more slowly maintains its early vigour longer, 
and thus by greater persistence of powerful eflPort causes 
greater acceleration to the shot, and the resulting velocity is 
higher. 

I must here again call attention to the complete answer to 
be found in these facts to any possible objection* which 
can novo he made to the rifling of our cast-iron service guns. 
There can be but little doubt that they might be safely fired 
with nearly twice the charge of the pebble powder that they 
endured of the other sort without ant failube, and from 
the large capacity of their bore, and the distribution of metal 
as they are designed, they are peculiarly adapted for powder 
of this kind, which requires more room to develope its force. 

The gun used for these experiments was of the ordinary 
pattern and length, and it was fired with the usual battering 
charges. At the velocity which the shot acquired at the 
muzzle, the resistance the air would offer to the expansion 
of the charge in the gun could not have exceeded about 15- 
Ibs. per inch ; but we see in the above figures that the force 
behind this particular shot, as it left the muzzle, was 16-cwt. 
with one powder, and 20-cwt. with the other, or from 120 
to 150 atmospheres. This is a vast force to waste. It is true 
we do not see that this final force produced as much effect on 
this shot as might at first be expected. In the last expansion 
of 19-inches, only 25 feet per second was added to the 
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velocity. The shot had already been so driven by the high 
pressure at first, that its speed had become so great there 
was no time for the lower pressures to do much. The last 
expansion of the charge only acted on the shot for about 
one-thousandth part of a second. 

But in this time the reduced pretsure will be found to 
have added 185,000 foot-lbs. to the vis viva of the shot. 
This is at once proved by calculating the force by the 
velocities found at these stages. Had the gun been 19-inches 
shorter than it was, it would have been that much less 
effective ; and had it been 19-inches longer than it was, we 
may very fairly estimate that it would have yielded, at least, 
100,000 foot-lbs. more than it did as it was fired. 

The diminishing pressures stated as taken from the report 
are deduced from the velocities. Had the charge been less in 
proportion to the weight of the shot, and the bore been 
more cctpaciousy the velocity would not have been got up 
so quickly, and the shot consequently would have derived 
more benefit from it during a greater amount of expansion. 

It would not be correct to infer that the pressure would 
continue in subsequent expansions to diminish in the degree 
which is indicated in this gun because such a thing is 
wholly unlike anything else we know of in similar cases of 
enlargement of permanent gases. At first the loss of heat by 
the gas would account for a greater diminution of pressure 
than is found in steam, for instance ; but after a few expan- 
sions, the temperature would become so reduced that there 
would then be at all events a close analogy to the case of heated 
steam, the elasticity of which is always estimated by Marriotte's 
Law— the pressure diminishing as its density. If so, ther^ 
is nothing in these calculated pressures which proves that 
gunpowder-gas would not, up to a very large number of 
.expansions, be capable of exerting an effective force in adding 
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to a projootile's velocity. But even supposing that ailer the 
first few expansions it did continue to diminish in the same 
proportion as it is represented to do by these figures, we 
may still find that up to about 20 full expansions it would 
possess considerably more force than the air could possibly 
oppose to it, even if the projectile was moving with a greater 
velocity than the 8 inch shot had when it left the experimental 
gun. 

But it may be urged. — Why need we care about such nice 
economy of force ? The saving of a few pounds of powder 
can hardly be worth consideration. This may be true with 
respect to all guns of the smaller natures, and for them there 
is such ample strength of material at our command, that we 
might continue as we have hitherto done, to disregard 
economy. 

But when we come to construct those enormous weapons, 
which of late years have become a national necessity, the 
question of right employment of force becomes of paramount 
importance. Guns costin r two or three thousand pounds each 
are serious burdens on the public purse. These gigantic 
weapons are not only expensive and require much time to 
make, but they are werj costly to use. 

At all paints where they can he employed against its toe 
must have suitable guns ready in case of need. Our fleet will 
want many of them ; and for our own coast defences, as well 
as for those of our dependencies, we shall want a great many 
more than our ships require. Our gunners must have 
experience with them even in times of peace, so as to learn 
how to use them when wanted in earnest ; and, if every shot 
which is fired is to cost the country some three or Jour pounds 
for gunpowder alone^ it becomes important that we should 
not waste it. And it is not only the cost of the powder we 
have to consider. When these vast quantities are employed 
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for every charge, we may be quite certain that whether we 
get the full benefit from it or not in the force of the shot 
propelled, we must Bufer from the full effect of it produced 
vpon the gvms!^ 

The high pressure, or heavy charge system, may do very 
well, or perhaps be really the right principle for small guns 
such 2^^ field or movable artillery, just as the system of high 
pressure steam is correct for small engines, although it is less 
economical as regards fuel. But for large guns, as well ag 
for very powerfiil engines, where force and fuel is employed 
wholesale, economy must be studied. The greater the 
presswre, the greater will he the waste. In guns as well as in 
engines, to work the elastic force eapansivelg is to work it 
economically. 

Is it impossible to avoid the evils of this high pressure 
system ? We have seen by the analysis of results obtained 
from the guns we are now making, that when compared with 
others of a different type they fail to employ their force and 
fuel to the best advantage. If it is so with guns of moderate 
size, such as the JPalliser gun with its 8-lb. charge, compared 
with the rifled 68-pounder, firing the same charge, (No. 17 
and 18, general table,) why should it not be so with weapons 
of any size ? I ask then for careful attention to the figures 
which appear in the table under example No. 33, A labge 
BOBE BiFLED GUN FBOFOSEP. But before I discuss these 
figures, I would make one more remark. — 

Why is our new ordnance so extremely costly ? It is 
because it has to be made strong enough to resist the pressure 
of charges, the force oj which is to a great extent thrown 
away tipon the shot, while it tends to destroy the guns them- 
selves. If they are not wanted so strong they need not be so 
costly. 

At page 28 I have referred to the effect produced called 

*In 1868, Five of the 9-inch wrought- iron guns were tested for endurance with 
flenrice charges. After 500 rounds one was reported ** uMervicecMe" two *' repairable'* 
and two "terviceallU" after 600 rounds. Those guns cost just £1000 each without 
.carriages. ( PaHiamentary Return." Bified Owns/* 1869 J 
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" guttering." Our guns may never hurst because we make 

them so strong ; yet as we employ this strength, they will 

wear but very indifferently, and be constantly under repair 

requiring to be re-lined.* These repairs can only be done at 

home, so that these ponderous masses of 20 or 30 tons each 

will have to be taken from their positions wherever they may 

be, in any part of the world, shipped to Woolwich, and then 

returned again, whenever they want re-lining. A few such 

double journeys would cost as much as a new gun. Now the 

more intense the pressure is at which we work our powder, so 

much greater must be this " guttering,"— fissures and channels 

being scooped out in the metal by the stream of intensely 

powerful heated gas flowing through the windage space over 

the shot, rendering it necessary to make provision for turning 

the guns over on their carriages when one side has been 

destroyed. 

It was simply the amount of this active destruction which 

compelled us at last to try and improve our powder. Its 

lesser pressure will cause less guttering, and our guns will 

therefore last so much longer. Still, it will not prevent this 

destruction. It will be a slower process though not less sure. 

And it will be found, I think, that as with this slow burning 

powder the pressure reaches its maximum after the shot has 

moved some distance, it is there the inequalities will be 

produced, where they will be more likely to interfere with the 

rifling, and destroy the studs of the projectiles. 

The evils attendant on the employment of high pressure 

have already received at the hands of the advisers of our 

government, a clear and authoritative recognition. It is 

stated in the report of the " Committee on Explosives," that 

the advantages of the new pebble powder consist of " the 

reduction in violence of explosion^* and the " diminishing the 

liability of projectiles breaking up in the gun, and also modifying 

*One of the 7-inch ML rifled guns, on board the " Excellent,' in firing 630 rounds 
-with 14-1bs. charges, 85 of 22-lb8., and 22 of lO-lbs. had to be re-vented tudee^ and 
** turned bottom part up, the old vent blocked up and a new one bored ; " then returned 
to Gun Wharf to be re-vented a third time. One of 64-pounder MLR after 1769 rounds, 
service charges, was found to have a fissure of nine-tenths-of-an-inch, and had to \te 
returned.— (Fide Captain Hood's Eep.Hn Parliamentary Return. *' Rifled <?un«,'186&. 
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the scoring (iction of the gas itpon the surface of the bore^'* 
thereby " prolonging the life of the gun and diminishing 
the risk of accident J' (Vide Prel : Eeport, p. 11.) These 
solid advantages we have determined to avail ourselves of, 
and it is a great step in the right direction. But may we 
not go somewhat farther ? By the adoption of powder more 
resembling that which every other state has been using for 
years, some of the evils of high pressure are remedied, and 
consequently our guns will probably last twice as long, as 
weU as being otherwise improved. The question then arises : 
**^ JVhif should we go on making guns calculated to resist a pressure 
of dO'tons per ineh^ when we know for certain that they will 
never he subjected to more than 16-iorw, the difference in strength 
involving an enormxms difference in the cost of their construction I 
And besides this there is another question. — With all the 
facts before us which are disclosed in the table of results we 
have been examining, why should we continue to be so lavish 
with our powder, when by using it differently we might get 
more out of it, and at the same time still further ''^ prolong 
the life of our guns."^ 

When by actual measurements we found out to our great 
astonishment that we had been using twice as much pressure 
upon our guns as was needed, an alteration of some sort 
was of course called for. The guns themselves have been 
designed for work which they will never again be required 
to perform. But it has not I believe been proposed to 
modify the design of the guns ; what has been determined 
upon is to increase the charges. Henceforth, instead of 
the charges of KLG powder which are given in the table, 
Pebble powder will be used in the following quantities : 

New Ghargbs, Pbbblb Powdea. Old Chabgbs, B L G. Fowdsr. 



12-in. Gun 85- lbs- Expansion 6.4 instead of 67-lbs. Expansion 8.3 

10 „ do. 70 „ do. 5.4 ,, 60 „ ,, 6.3 

9 „ do. 50 „ do. 5.34 „ 43 „ ,y 6.3 

8 „ do. 35 „ do. 6. „ 30 „ „ 6.9 

7 „ do. 30 „ do. 5.38 „ 22 „ „ 7.4 
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The etUciency of the guns naturally is increased by this, 
but it was for some time an anxious question whether they 
could be so used in consequence of the additional recoil 
occasioned. It appears however that the compressors and 
fittings for checking recoil arc found to he just sufficimit ; 
but it is a very near thing and there is nothing to spare. 
Yet the fact remains that the guns have still at least 30 per 
cent, more strength in them than can he made use of at all ; 
or, in other words, there are so many tons of valuable 
wrought iron used in their construction that is of no use 
whatever, but as affording so much dead weight required to 
absorb recoil. 

It appears to me that the table at page 95 indicates a 
better way than this of using the improved explosive. What 
is there shewn in reference to the old powder, which ignites 
quickly, apphcs yet more forcibly to the new, which is 
slower and less violent in action, and requires more room 
for the full developement of its energy. Whether the old 
or the new powder is employed, it may be used in wasteful 
excess. If either kind is worked only at moderate pressure, 
but with a proper measure of expansion, by increasing the 
calibre, as it is not possible to get length sufficient in otir 
guns, greater effect may be obtained with less recoil, I can 
conceive no reason why we should employ such an expensive 
metal as coiled wrought-iron merely to form the dead weight 
in the gun necessary to check it. Surely a much cheaper 
metal would do for such a purpose. This point I propose 
to examine further, not forgetting the importance of 
considering the question of penetration. 
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THE PRACTICAL APPLICATION OF THE 
FOEEGOING OBSERVATIONS. 



If we are right in adopting as we have done for our heavy 
guns the system of very large charges and extremely high 
pressure, it is simply a fact that all other nations must be 
wrong. Now with what there stands recorded in the history 
of English gunmaking, have we a right to feel perfectly 
satisfied that in other countries the subject has not received 
in every way as sound an examination as we have given to it 
here ? The Prussians, the French, the Eussians, (none of 
them being compelled any more than ourselves to do so,) use 
far smaller charges than we do ; and they have gained their 
wide experience with that better quality of powder which we 
have only just discovered to he beneficial^ if not absolutely 
necessary. Let us by all means exercise our inventive faculties, 
but let us take care to work by the light of knowledge, and 
not presume to teach while we refuse to learn. What better 
reasons have our authorities now for closing their minds 
against all modification of the plans they have adopted, than 
they were able to give, and did give^ when they adopted or 
supported the Armstrong gun, or when we talked, as we 
used to do, in a knowing way of the weak foreign powder. 

But there is another great nation pre-eminent for mechanical 
skill, as well as practical sagacity, and which of late 
years, unlike ourselves, has had no small experience in 
the realities of war, which has adopted for its service a system 
of big guns, which may be regarded as exactly the opposite 
of ours. The American guns are large bored guns ; ours 
very small. We use only six or seven expansions of the 
charge ; they employ twenty. Their guns are greater than 
ours, and cost but a fifth part of the price toe pay. 

It cannot be imagined that the shrewd men of the United 
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States act with less careful thought than our authorities in- 
England. They know perfectly well what our English guns 
will do, and they could follow our example if they thought 
that the interests of their country required it. But knowing 
perhaps better than we do the capabilities of their own 
ordnance, they still prefer their own course, and contrive to 
save their money. Yet, if it came to actual conflict, should 
we not probably have as much to contend against in the 
American system of ordnance as in that of any other State ? 
It is true that our guns will command greater range, and 
also greater penetration ; but the Americans say that this 
long range is a delusion, and that they do not want to^re 
when they cannot possibly see ; and also that if by severed 
heavy blows they can shake and shatter their enemies defences 
to pieces, the work will be as effectual as punching a few holes 
through it. Therefore they prefer to spend their money in 
supplying themselves with numbers of large guns as they are 
wanted. For a smaller sum than we shall spend upon the 
fM;eZi;enew36-ton guns just ordered, (about £32,000 exclusive 
of carriages, accessories, and ammunition,) they, in a tenth 
part of the time could make fifty guns, which, except under 
very exceptional circumstances, would^ within moderate 
fighting distance, be hardly lesa effective. Would the twelve 
be equal to the flfby, generally y accidents or casualties taken 
into account ? This, at all events, is the reasoning of men 
who are as good engineers as we are, and who have never been 
suspected of closing their minds to the reception of new ideas, 
or of refusing to adopt improvements. 

It is not for civilians to judge of this, yet they may note 
the divergence of opinion among those whose duty it is to 
know, and to whose authority they must defer. 

We have tried one of these great American guns, and we 
tee by the table what it is and what it does ; and we find 
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that as an economical engine we have nothing like it in our 
service. A cast-iron gun of 19 -tons delivers blows as hard 
as we produce with our expensive coiled wrought-iron guns, 
only six per cent, heavier, {Vide pages 68 onrf 99.) That 
it is a safe gun has been proved by experiencCy and there is 
reason to believe that it is practically as durable as ours 
without requiring extensive repairs. — It works with lower 
pressure and therefore suffers less wear. 

The reason that so great a result is obtained from such 
moderate means, is that its principles are sound. — It does not 
waste its forces. The method of analysis which I have 
applied in the general table to all the various guns, shews 
plainly what these principles are, and the consequences of 
disregarding them. This analysis also seems to me to indicate 
something of higher consequence, and how yet greater 
results may be achieved. 

The American is not a perfect gun, fcwr two reason?. — 
Being a smooth bore it cannot, like all similar guns, command 
precision for any distance, and the round shot are deficient 
in penetrative power, owing to want of weight and weakness 
of form. But why should not rifled guns be made with 
similar sound principles ? There are the examples of our 
rifled service guns, and as regards their economy I have 
challenged comparison with those of the modem English 
type, in a way that sooner or later will compel for itself a 
hearing. The adoption of such economy may yet continue 
to be postponed as it was by the late Ordnance Select 
Committee seven years ago, till " circumstances of urgency 
may arise," But the history of Europe in the last twelve 
months will give a significance to this expression, that 
even the powerful voice of contractors may not be able to 
explain away to tax-payers. 

I ask attention then to the sketch at page 58. It is that of 
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a gnn such as might bo represented by the figures in example 
No. 33 in the table, No. 1, or No. 31a in the table at page 
95. No weapon of such a character, or of such dimensions 
has, I believe, ever been made, nor, as far as I know, has 
this method of construction been before suggested. It is a 
compound gun, and so far resembles the Palliser^ but it is 
distinct from that in several particulars, which will be seen. 
Setting aside however all question of novelty, I propose to 
discuss with the help of the comparisons, which the table of 
actual results affords, why such a gun would, if made, be 
probably successful. I must do this by a process of induction. 

I assume that we shall require for the thorough defence of 
the country large numbers of extremely powerful guns ; we 
need them at every point where a hostile uon-clad vessel 
could attack us. Shall we ever be able to get them while 
they are as expensive to construct as those we now make ? 
If however we could make them cheaper, we might get 
them all the quicker. 

The British Nation has at last awoke from that complacent 
sense of security which had in it more conceit than wisdom, 
to something 1 ike a real knowledge of her actual position. The 
struggle in France has shewn us what modern war is, when 
it extends beyond an attack upon a single stronghold in a 
remote corner of a foreign state ; or is a pleasant tropical 
excursion, and a bloodless victory over an African savage ; 
but is a real invasion — a deadly struggle for homes, with all 
the incidents of sacking of villages, burning of towns, the 
maiming and murdering of tens of thousands, and wholesale 
imprisonments, impoverishment, and starvation. Such things 
have come near enough for us to see them and teach ua 
lessons. Thus roused from the state of the fools para<lise^ 
we have begun seriously to take stock of our means of self 
dcfonce, and to munf up our men and weapons. What do 
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we find ? Cannon, such as we must fight with if we fight 
at all, are the things which are essential ; but where are 
they ? We cannot compete with other states in the magni- 
tude of our armies, but hitherto we always have exceeded 
them, in they2?rce and number of our heavy artillery^ and so 
maintained our position What have we now to use ? 

In the last fifteen years we have spent more money upon 
them than probably France, Prussia and Russia put together, 
but we are now only able to count up our rifled ordnance 
by scores, while we absolutely need them in thousands. 
There is hardly a state in Europe which has not at this 
moment a larger number of rifled ordnance than we have. 
We have a few magnificent weapons, but still scarcely 
enough to arm all our fleet properly, to say nothing of other 
requirements. Our pride of wealth and conceit of manu- 
facturing skill has betrayed us. We have been dallying over 
Utopian schemes of perfection in our guns, and frittering 
away our time and resources to comparatively little purpose. 

England with all her wealth cannot afford to waste her 
money over a few dozen guns which shall merely have a 
greater name than those of her neighbours. We save our 
old pens and cut down the well earned salaries of our hard- 
working public servants, and then go in for guns at three 
or four thousand pounds each — ^wonderf ul guns doubtless to 
see fired at Shoeburyness, and to talk about and boast of, but 
which can only be in one place at the same time, and we 
want them in many places, but cannot get them there 
because they are so good. We may amuse ourselves with 
the idea of making these perfect guns which shall last for 
ever, although the gun of to-day will very likely be the 
rejected of ten years hence ; but in the tnean time our 
batteries will continue to be starved as they ever have been 
since wc began our coursr; cf reconstruction. 
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For fifteen years our coast defences and foreign depen- 
dencies, with their regular and reserve corps, have been 
waiting in vain for the, reinforcements they ask for, but few 
or no improvements reach them. The men must drill and 
practice with the smooth bore guns of ancient days, and sa 
learn nothing that is likely to be useful. In this long period 
we have spared no money or labour, and by hard work and 
heavy squeezing we have succeeded in turning out ready for 
service, such as we can rely upon, less than 600 rifled guns 
of over 7 tons each, and about 700 guns of that and less^ 
weight suitable for ships ; besides some 200 or 300 conver- 
ted guns. I leave out the Armstrong B L lOO-prs., and 
Shunt guns, for they are things of the past. There has 
been no want of energy in our factories, but the labour itself 
has been too heavy. 

In actual numbers this total scarcely exceeds what we have 
hitherto kept for use at Malta alone. However perfect the 
guns we have made may be, a few cannot guard our 
territories all over the world ; and however powerful and 
speedy our ships of war may be they cannot be omnipresent. 
So long then as we refuse to think of our economies in this 
matter, and close the official ear to all suggestions of saving,, 
and cJboose to me no guns but such as are made of goidy shall we 
ever be able to get supplied ? 

In a parliamentary return respecting our " rifled guns," 
moved for by Lobd Elcho in April, 1869, and ordered ta 
be printed on the 10th August, 1869, there is a great body 
of valuable information as to what had been accomplished 
by our gunfactories up to that date. A few facts which I 
gather from this official document may not be out of place 
here. It appears that we had then two 13-inch muzzle- 
loaders; 17 of 12-inch; 9 of 10-inch; 314 of 9-inch; 109 
of 8-inch ; and 680 of 7-inch bore — in all 1131 guns of over 
6 tons weight. Besides these there were being made or 
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" intended " to be ordered, and which I suppose have by this 
time been supplied, 9 of 25 tons, 9 of 18 tons, (10-inch,) 
141 of 12 tons, (9-inch,) and 6 of the 6|-ton 7-inch bore— 
making, with those we had before^ a total of thirteen hundred 
and sia guns of this class. Now what do we require ? 

The return states that for our iron-clad ships alone we 
wanted 594 of these large guns ; and then there are our other 
vessels, and also our fortifications. According to this return, 
for the new works " as designed *' about Portsmouth, 
Plymouth, Pembroke, Portland, Gravesend, the Medway, 
Dover and Cork, we shall require 898 of the large sizes, and 
1061 of 95-cwt. and under ; of these onlyjbrty^one large rifled 
guns had then been furnished. There is no return for 
the old fortified places, and no reference is made to Harwich 
or any station on the east coast, or the Channel Islands, or 
in short any of the other batteries in any part of the kingdom. 
These however must of course be thought of, and also 
Gibraltar, Malta, Bermuda, Aden, Canada, India and 
Australia, and many other places which might be mentioned. 
We have distributed what could be spared, but it is few. 

We also learn from this return that the cost of each of the 
600-pr. wrought-iron guns of "mark I'*' is £2331 17 11^, 
these of the same size, mark II, is £1772 10 10|. The 
wrought-iron carriage for it, with hydraulic buffer or Elswick 
compressor, x;omes to about ^250 more ; and besides this 
there is the platform or slide costing another £300. The 
time required to build the 600-pounder gun is just about 
three months ; in each carriage there is eight weeks' work ; 
and in each platform from 8 to 10 weeks* labour. But this 
is assuming "that the factory is well employed, (a single 
gun could not be manufactured in the time named,) and that 
the patterns are ready prepared.*' We obtain from this a 
rough general idea of the work there is cut out for us. 



Tlio flketx'li at pago 58, 'repreBents a 15 -inch rifled gnu 
constnicted for the most part of cast-iron^ but having at 
the breech end where all the great strain occurs, a wrought- 
iron breech, or short inner gun provided to meet this strain. 
The wrought-iron portion is inserted from the rear, and can be 
secured in its place by a suitable screw-thread on its outer 
circumference, running into the cast-iron, and, if need be, 
it might be rendered more firm in its place by a very slight 
" shrinking on " of the metal surrounding it. 

We see by the table at page 111 up to what point in a 
gun the severe pressure takes place ; it is in the first two or 
three expansions of the charge. We know this also from 
the fact that when gims burst it is always in rear of the 
truimions. Why then should we have expensive material 
at that part where the pressure from the charge never 
can exceed a third of what we know for certain that good 
cast-iron is equal to sustain ? 

In the way described, guns of any strength or dimensions 
might be made — ^large bored or small bored ; for high or for 
low pressure ; muzzle-loaders or breech-loaders ; the 
principle being that there shall be the required strength 
provided where strength is needed about the breech ; but 
from the trunnions forward, where but little strength 
is required, — although in the whole gun there must 
be length to work the charge expansively, and to guide and 
steady the shot, and also weight to absorb the recoil; — for 
this, cast-iion will do just as well as the best wrought-iron, 
and we might save its cost. 

To make large built up guns wholly of forged iron seems 
to me as unscientific as to make large steam engines entirely 
of the same material, including the cylinders, condensers, 
beams, kc. What would they cost if we did ? and would 
they be any the better for it? 

Supposing this gun which I have sketched to weigh 23 
tons, it might be composed of about 17-tons of cast-iron. 
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which may 1x3 had complete turned and bored for less than 
£20 a ton, while, if it were all of wrought-iron this portion 
finished, would at least cost four or five times as much, as it 
is by far the most troublesome part to make and forge into 
shape. Guns of such construction, in consequence of this 
saving of expensive material, would be cheaper by sixty 
or seventy per cent, than those we use^ and where strength is 
needed they might be of any strength. 

The particular gun which is shewn in the drawing, if 
fired with 70-lb. charges and shot of 700-lbs. weight, would, 
as compared with our wrought-iron ordnance, be a low 
pressure gun. My calculations are based on the results 
obtained with BLG powder, although of course pebble 
powder would be the proper kind to employ, and as much 
more of it as the recoil would admit of. 

In estimating as I have done what might be expected 
from such a gun, I have reckoned upon the same charge 
being used in proportion to the weight of shot as I employed 
for my rifled 32-poimder cast-iron service guns, viz., one- 
tenth. It will be seen by the several columns the propor- 
tions which such a charge bears to the dimensions of the 
bore, and how they compare in this respect with all the 
other examples. 

With the information obtained by the analysis, I think 
we may collect sufficient evidence to shew what the power 
of such a weapon would be. I may fairly assume that 
what we find takes place invariably in the many cases the 
table contains, would also occur under all similar conditions, 
so that from the known effects produced in other guns we 
may learn what would be the probable effects in this 
projected one. For example : the same quantity of 
powder (Pressm*e — Col : L) acting upon the same weight of 
shot (Resistance — Col : M) throughout the same distance 
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(ExpaTiBioTi — Col ; 0) .should always produce what is equiva- 
lent, or pro|)ortionally so, where there is any variation in 
any of the terms. If this be the case there is sufficient 
reason to conclude that this cheap compound gun might 
be expected to produce, with the charge named a vis viva or 
striking force in its projectile at the muzzle of over 16 
millions of foot-lbs., (Col : G) or twenty-three per cent, 
more than we get from our present wrought4ron QOO-pounders 
with thsfull 67 -lbs. charge of BLG powder. If Pebble 
powder were used in equally larger proportions for both guns 
the difference would be still more in favor of the larger bore, 
as there would be a larger measure of expansion. 

But there is this important difference between what these 
two guns have to do in producing this force. In the 12-inch 
600-pounder, the power has to be got up quickly in 8J 
expansions of the 67-lb. charge of ELG ; in the 15-inch it 
would be developed more slowly and gradually, the accelera- 
tion of velocity extending throughout 20 expansions of the 
charge. In the 600-pounder the resistance from the weight 
of the shot is nearly S^-lbs. per inch, requiring for the work 
done a pressure of .593-lbs., (or nearly 9^-ozs. of powder) 
per inch to drive it. In the other the resistance of the -700- 
Ib. shot is 3.95-lbs., per inch, (or about 3-lbs. 15-ozs.) to be 
overcome by the pressure of .394-lb., (or about 6-ozs.) of 
powder per square inch, — a little more than the intensity 
with which the 14-lb. charge acts in the 7-inch gun, No. 
10, or not much more than that of the 10-lb. service charge 
in the old 32-pounder smooth bore. Cast-iron alone of 
good quality might almost be trusted to do this work. The 
great difference being caused by the area of the bore being 
so much greater, as explained at page 97-99. 

An attentive examination of the figm'es relating to 
the other guns in the table will, I think, shew that my 
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estimate of the effect of this pressure in communicating 
velocity is not too high. I think the probabilities are in 
favour of its being more rather than less than I have 
estimated. The same charge of one-tenth of the weight of 
shot produces 1213 feet per second in the rifled 32-pounder 
service gun, (No. 20,) and I have put down the same for 
the large gun ; but it must be observed that the twenty 
expansions of the 70-lbs. charge represents continued 
acceleration during 19 feet of space, while in the other gun 
it is only through 8f feet; and throughout this distance 
there would be the same quantity of powder at work in 
proportion to the resistance, and it seems to me this ought 
to produce rather more speed. In the instance of the 15-in. 
American gun, a charge of one-ninth gives 1220 feet per 
second in a shorter distance ; and here there would be some 
loss of effect from greater escape of gas, as I have supposed 
the large rifled gun to be firing an expanding projectile. 

The following figures relating to analagous cases taken 
from the table will speak for themselves, especially with 
regard to the effect of the expansive working of the charge. 





10 inch Rifled 

Oun. 
Charge 40 lbs. 


16 inch Smooth 

Bore. 
Charge 50 Ibe. 


Rifled 32 pr. 
Charges lbs. 


Proposed 16 inch 

Rifled Gun. 

Charge 70 lbs. 


Ghabgb. — Proportion of) 
Powder to Shot,(Ool.K) ] 


one-tenth 


one-ninth 


one-tenth 


one-tenth 


Pmssurb.— Weight of ") 
Powder ^ square inch > 
of area, (Col. L.) .ft) 


.51 or 8g--oz. 


.28 or 4\oz. 


.156or 2^oz. 


.896 or 6f oz. 


Bbsistancb. — Weight of^ 
^ square inch of area > 
(Col. M) fts ; 


6.1 or 81 oz. 


2.64 or 41 oz. 


1.66 or 25 oz. 


3.96 or 63 oz. 


Expansion of Charge in ") 
length of Gun (Col. 0) j 


• ■ • Va^ • • • 


• • • X%/«Tli • ■ • 


. . . aH . . . 


... 20 


Vblocitt at muzale, ") 










(Col. F) { 


... 1117 ... 


... 1220 ... 


... 1213 ... 


... 1213 


fb. per sec. ) 










Vis Viva of Projectile") 
at Muzzle ^ ft of Pow- [ 
der,(Col.I) Thsdsft-fts) 


• • ■ XvTB • • • 


... 208.2 ... 


... 272. o ... 


... 228.8 
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But it may be urged with perfect fairness that it is not 
alone the force with which the projectile leaves the gun that 
has to be considered. We must find out what its power 
would probably be at effective distances ; and also what the 
punching power of such large shot would be. 

For the reasons given at pages 83-4, we may get at a 
tolerably accurate idea of the range it would command from 
the figures in Col : M, by which it may be inferred that from 
the weight of this large 700-lb. projectile, in proportion to 
its area of section, it would have as nearly as possible the 
fame power of maintaining its velocity when penetrating the 
air, at the same speed, as the long 250-lb. shot which is fired 
from the 9-inch gun, (No. 7.) Although the large projectile 
which I have represented is a capacious shell of less than If 
diameters in length, it contains in its great mass as much 
carrying power as the other, which is so much longer in 
proportion to its area ; the actual weight to area being, in 
fact rather higher, 3.95 as compared with 3.93 that of the 
long 9-inch bolt. 

With regard to the effect of such large projectiles upon 
iron defences, it must be borne in mind that although 
absolute penetration may not in some instances be effected, 
mischief as great might be produced if the blow was 
sufficient to buckle the plates, destroy their fastenings, and 
shake the whole fabiic to pieces. The question is whether 
the greater force which is to be gained by exploding the 
charge against a larger area in the shot is more than counter- 
balanced by the power of the defence against it. The larger 
shot would strike with far more force, but having to make a 
bigger hole it would have so much more work to do. If it 
did get through, or by other means break up so much of the 
defensive armour, the destruction would of course be more 
extensive. 
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As I have before stated, (Vide p. 86-87,) the punching 
power of projectiles is usually estimated as their vis viva in 
proportion to their circumference, (Col: Q. ;) and for «^ort^ 
ranges, the figures given may, in a general way, be taken as 
near the truth in each example. Here it is seen that the 
punching power of the 700-lb. 15-inch projectile, if it left 
the gun at the velocity stated, would be very little inferior 
to that of the 600-pounder 12-inch shot ; one being as 344.6, 
the other as 340.1. But the question of depth of penetra- 
tion has also to be considered, or what would be the power 
of each shot to continue to penetrate, and overcome the 
resistance they respectively meet with. I think this is fairly 
shewn in Col : .S. The long 600-pounder bolt is heavier than 
the other in proportion to its circumference, as 15.9 is to 
14.9 ; therefore it would probably penetrate somewhat deepei;, 
although its smashing force would be so much less. But let 
it be remembered what guns are here compared. One costs 
about £2000 ; the other may be made for between £500 and 
£600, in fact about the same as our T-inch guns made wholly 

of wrought-iron. 

But this is far from all. The wrought-iron guns require 
•such a vast amount of labour and machine work, only to be 
done with such a plant as we have in the Royal Gun Factories^ 
that each one takes about three months to complete, as each 
machine can only deal with one at a time, The other kind 
being chiefly composed of cast metal, which may be produced 
in many foundries, could be constructed in quantities without 
any delay.* 

If greater penetrative power is required than this 15-ine'h 

gun appears to have, similar guns can be made if need be of 

iiwice the size : there is scarcely any limit to this that I can 

see, except from the weight that the guns must have in order 

iiOM&ve recoil, and how many tons could practically be worked 

b j our gunners. 

• I have authority for stating that at the Low Moor Iron W.orke 
^oia 20 to 30 such Castings might be jnade weekly. 
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No enemy would dare to despise the power of the 15-inch 
American cast-iron guns even as they are ; they would have 
a wide berth given them, and be attacked only from a 
distance. But such guns if improved to the same extent 
as the 32 -pounder gun is improved by being rifled, so that 
the effective range shall cease to be inferior, as is shewn in 
the comparison of actual results given in the general table, 
and particularly compared with wrought-iron guns at page 
23 ; — ^with such guns mounted on our coast defences, we 
need fear but little from any iron-clad vessels. There is a 
limit to the weight of armour which any ships will float 
with, but there is scarcely a limit to the power to he obtained 
with weapons of this construction. 

However opposed the idea of making such g^s may be 
to those notions which have worked their way into official 
favor, and been adopted as the correct thing, I must still 
claim for th6 facts which relate to the question a calm and 
impartial consideration. We have assumed that the small 
bore and high pressure system is sound, for we have never 
tried to make a large bored powerful gun ; yet let the figures 
which I have brought together be examined and tested in 
every way that can be suggested, and the conclusions wiU, 
I believe, be found inevitable, that this cheap large bored 
compound gun would prove a more powerful weapon within 
any distance at which artillery is practically available THAN 

ANY GUN WHICH WE AT PBESENT POSSESS, with the 
exception of the last huge monster which swallows up 12Q-lhs. 
of powder at every round. 

Its shot would strike with more force than our 600-pr. 
up to 3000 yards ; and, as the weight of the 7C0-lb. pro- 
jectile, in proportion to its circumference, is greater than 
that of the 10-inch 400-poundcr, as 14.9 is to 12.7, (Col : 
S,) it is beyond a doubt that with equal velocity it would 
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penetrate deeper than that shot, but at the same time it 
would make a larger hole and accomplish more destruction. 
It might fire a common shell with a bursting charge of from 
40 to bO'lhs, of powder^ or even considerably more if desirable. 

Why this gun should be more powerful is fully explained. 
It is a simple application of principles of economy. It turns 
to good account all the force that it employs ; ample strength 
is provided in it where strength is wanted : and the needful 
weight to absorb recoil, and also full capacity for expansion 
of the charge is obtained without a wasteful employment of 
expensive material, or a waste of powder that destroys the 
gun. 

The projectiles for such guns might be either short solid 
cylinders, or, what would be far better, strong capacious 
shells of about one diameter and a half or 24 inches long. 
The shell which I have represented in the sketch is on the 
expanding principle ; but it might of course be on the copper 
stud plan if experience proved that it was preferable. It 
appears to me that even a sTiell with such a thickness of 
metal at the sides as might, in these large projectiles, be 
retained, would, from the direction of the lines and disposition 
of the matter, be less likely to break in penetrating iron plates 
than the solid round shot which were tried from the American 
gun, and which broke up without penetrating very deep, 
because the matter has not that support in its coherence which 
it has when arranged in longer columns striking end on. 

Whether or not it might be desirable to employ expanding 
projectiles for guns of the largest kind is a question not to 
be determined without a proper trial, but I see no reason 
against it as far as my knowledge extends. At first sight 
there might appear to be an objection to the use of the lead 
or pewter envelope, for shot of very great weight, from 
an apprehension that it might prove liable to injury ; but I 
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think that au impartial cousideration of the method of 
construction which is shewn in the sketch at page 58 would 
remove any such impression. It will be seen that the lead 
or soft pewter which is intended to be upset and expanded 
by the pressure of the charge, is not exposed as it is in the 
Abmstrong projectiles^ but lies within a zone, entirely 
protected hy iron at both extremities. Formerly I employed 
a sabot of wood as shewn in the drawing. This was more or 
less successful, but it was an additional expense and 
complication^ and occasionally was^ f oimd to be detrimental, 
as the wood sometimes did not entirely separate from the 
shot, and must have somewhat interfered with its flight.. 
The plan I now adopt does away with thiisr difficulty. 

Imbedded in the soft metal, and secured to it by the same 
means as the soft metal is secured to the body of the projectile^ 
I have an iron shoe-piece which forms an integral part of 
the shot, and which will never separate from it. This will 
fulfil all the duty which the wood performed in assisting to 
bulge out the soft metal around it when pressed by the gasy 
and at the same time it will form a perfect protection to the 
edge of the soft metal in which it is imbedded and secured^ 
The soft metal being thus protected, would, as it seems to 
me, be less liable to become seriously damaged in transport, 
than the copper studs now used, which stand out prominently 
all round the shot. And there is- difference. The studs are 
made and required to fit the grooves as accurately as 
possible; if then they became bruised by the rolling or 
pitching of a ship, the jarring and jumping of land carriage^ 
or other causes, the studs might not be found to go readily 
into the grooves without being filed up into form again i 
bat the soft metal is not required to Jit the gun or grooves when 
loading ; if by any rough treatment it did become bruised 
or indented, this would not be of the slightest consequencer 
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for when it was fired the expansion would bring everything 

right. 

There are advantages appertaining to projectiles of this 

character which are not to be overlooked. — 

1. — They are cheaper to make^ if proper means are employed. 
The shape is produced by castmg in suitable moulds, and 
it is not necessary for them ever to go into a lathe to 
be turned; external niceties of finish are of no value 
whatever. They can therefore be produced in any 
quantities without requiring to occupy expensive 
machinery. There are no holes to be drilled out 
and undercut; no studs to be first cast, each one then 
to be turned, then fitted into its place, and afterwards 
shaped with great care so as to fit the grooves they are 
to work in. 

2. — By preventing an unnecessary escape of gas they would 
save consumption of powder^ and at the same time 
diminish the evils of so much pressure and scour, which 
it is admitted would be calculated to " prolong the life 
of the guns." 

3. — They would pax)k so much closer in consequence of the 
absence of studs or projections upon them. 

4. — In loading there is no necessity for adjusting particular 
parts into particular places as with the others. 

5. — The wear of the guns would be less as the metal of the 
shot which comes in contact with the grooves is softer, 
and there is no blow given to the edges of the rifling on 
the reversal of side at starting. ( Vide page 34.) 

6. — And probably beyond all these in importance there is 
another advantage. — When, after continued firing, the 
guns begin to wear, and '^ gutterings " in the bore 
occur, in which studs or projections might catch and 
override the rifling, the yielding metal of the expanding 
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6hot would simply give way^ aud immediately after passing' 
the inequalities of the bore, it would again be pressed 
up into its proper form and be in no way affected by it. 
{Vide page 33.) The rifling could not cause 

EXCESSIVE STRAIN. 

I am well aware that at the present moment lead coated 
shot are out of favor here in high quarters, and it is not 
altogether unnatural that it should be so considering the 
experience we have had with them, and how we have been 
betrayed through them. But probably it is not the shot we 
have to blame for this. Similar projectiles have played an 
important part in the war just brought to a close ; and, at 
least we may say that the Prussian Artillery which used 
such projectiles proved itself in no way inferior to the 
French pattern which we have imitated. To object to such an 
apphcation of soft metal which is shewn in the sketch which 
I have given, because the Armstrong shot are not liked, 
might be called an excuse^ but by no logical process could it 
be shewn to be a reason. They are entirely of a different 
character. 

I have been speaking of large rifled guns; weapons 
designed for the special purpose of acting against iron 
defences or armoured ships, and such weapons as this 
country must depend upon for its first and principal line of 
defence — our coasts and harbours. These guns have properly 
formed the chief object of our care, for there can be no 
doubt that the progress of science as applied to the instru- 
ments and the art of war, has materially weakened the 
security this country has hitherto enjoyed from its insular 
position, rendering it the more essential that British maritime 
ascendancy should be maintained. The difficulties which 
stood in the way of the Spanish Armada, and the French 
Flotilla at Boulogne, were far greater than would now exist, 
when with the aid of railways and steam transports, with 
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orders conveyed by lightning messages, invading forces in 
any number might be organised in many places, and within 
a few hours be concentrated on any one point, or descend 
simultaneously on several, convoyed by svdft invulnerable 
floating fortresses armed with weapons of irresistible power, 
and moving independently of winds or tides. "The real 
strength of the citadel is only as the strength of its weakest 
part." If then our " first line of defence " is to be chiefly 
relied upon, we must protect all its salient points with 
suitable weapons, and we must have them in requisite 
numbers. 

But there are other guns besides these monster weapons 
needed, and needed in infinitely larger numbers still. — ^Have 
we them? 

Once more turning to the pages of Lord Elcho's return, 
presented to Parliament by the War Office, and therefore 
admitting of no suspicion of inaccuracy, it is to be noted 
that in order to complete the new fortifications as they are 
designed, one thousand and sixty one guns of 95-cwt. or under 
are demanded, besides large rifled guns. They are wanted 
for the land faces of these works, and the sea fronts where 
no iron-clads could swim, and where ponderous plate- 
punching guns would only be unwieldy incumbrances. What 
have we to spare for this.^ We must not be misled by 
seeing a good show at Woolwich, What are there elsewhere I 

According to the same retnrn we had just 1013 Armstrong 
long and short 40-pounder breech-loaders, 323 Armstrong 
20-pounder breech-loaders, firing 2^-lb. charges, and 155 
Palliser converted 64-pounder guns ; since that date we have, 
I believe, added about 200 more of the latter kind. These 
are really all the injled guns of this class that can now be said 
to exist in the British sei*vice^ and they are nearly all of them 
of a pattern which has virtually received official condemnation. 
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If then our eight new fortified stations were properly 
furnished, as designed, we should have left only about seven 
hundred rifled guns of various sizes, less than the heavy 
special guns, to arm all our old fortresses throughout 
the Empire, at home and abroad, as well as to complete the 
armament of all our fleet — iron-clads, wooden frigates, and 
gun-boats. 

Now with this important fact before us let us turn for a 
moment to some of the lessons which, if we are wise, we 
may gather from the great conflict which has just been 
terminated on the continent. In the invasion of France by 
the German armies, we see the sort of fighting which we 
should have to encounter if either in England or elsewhere 
our " first line of defence " was ever turned, and a landing 
was effected. Where are our weapons ? 

Although both combatants in the recent war possess a 
considerable number of very large guns, like ourselves, it is 
I believe a fact that not half-a-dozen pieces of ordnance 
were fired during the whole struggle which could have 
produced the smallest effect upon iron defences of even 
moderate thickness. There were no iron plates to attack,, 
and therefore they were not required; yet it was pre- 
eminently a war of artillery. The guns which were used 
happen to have all been of that class in which we are most 
deficient. 

I need scarcely speak of field guns. The accounts of 
Sedan and many other bloody battle flelds are too fresh in 
our memories to> need a word as to the part such artillery 
played in them* 

What weapons of this kind Great Britain possesses the 
ofiicial list informs us. We have 701 of the Armstrong 12- 
pounder breech-loaders, and 266 of the 9-pounders of 
similar nature. This is the national stock. As regards 
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actual numbers it may or may not be sufficient ; professional 
men only can judge of this. A few years since we looked 
upon these guns as absolutely perfect arms. Have we con- 
fidence in them now ? On the contrary, we are told they 
are not what they ought to be. The authorities who so 
lately were loud in their praises have changed their views, 
and now as strongly condemn them as formerly they lauded 
them ; the decree has consequently gone forth that they are 
to be all replaced with others which are considered to be 
simpler, and better for the rough use they have to bear. 

But however indispensible a proper supply of field guns 
may be to us, they can hardly be deemed of so much 
importance to this country as that middle class of moderate 
sized ordnance which comes in between the field gun and the 
modern monsters, — ^guns not too ponderous to be moved 
easily and served readily, yet powerful enough for any 
purpose where no iron defences exist, which guns, as we have 
already seen, are absolutely indispensible as auxiliaries to 
the giants of the first class either in sea fortresses or afloat. 

If we try to find out what weapons of this class were used 
in the late war, one fact of primary importance is noticeable.. 
With hardly any exceptions, none but rifled guns were used 
on either side. There were several descriptions employed,, 
but the smooth bore was obselete, and yet there was no lack 
of weapons. 

In the Thnes of the 3rd March, there is a full description 
furnished by the very able and accurate English military 
correspondent, of the guns which the German forces brought 
to bear against the forts on the south side of Paris. From 
this we learn not only what weapons were selected, but also 
how they were used by what may be truly considered as the 
most experienced and most successful authorities in the world 
upon modern artillery. 



140 

To operate against Fort Rouge, Fort Issy, and Fort 
Montrouge, and the minor works about Billancourt and 
Boulogne, as well as to threaten a portion of Paris itself, 
the Germans constructed in the neighbourhood of Chatillon 
and Meudon 23 batteries. In these there were altogether 
eighty-two 60-pounder guns, (nominally called 24-pounders, 
that being their calibre if the ordinary round shot had been 
used,) forty-two 30-pounders, (or nominally 12 -pounders,) 
two 18-pounders, (nominally 6-pounders,) 4 rifled 8-inch 
mortars, and four 11 -inch smooth bore mortars. From these 
guns a total of 55,000 projectiles were fired, the whole of 
them I believe being shells. 

With the exception of 4 mortars, all were rifled, and all 
were long range weapons. Now we have heard so much 
about the value of long range that it is important to note 
what practical use was made of it, for here, if anywhere, 
it might be expected that advantage would be taken of it. 
The Germans however did, what no doubt British artillery- 
men would always do, declined to waste their powder in 
firing at distances too great for the eye to command. 

With the exception of two batteries in which the guns 
were sometimes fired at an elevation sufficient to reach a 
part of the city at less than 4,500 yards, all the rest were 
fired at objects no farther off than from 900 up to 3,100 
yards. The greatest number being used at 2,500 to 2,700 
yards. 

Most of the guns were of steel, a few being of bronze 
They were breech-loaders, and fired lead rifling shells. But 
there were two batteries in which were twelve guns of a 
different kind, and to these the Times correspondent refers 
specially in the following words. 

<<The chief feature of its armament (Battery J 9) was the four, 
M (later six) short 60-pou]ider8, whioh it contained, and which threw 
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" their long shells, longer by three inches than the ordinary 60- 
** prs., 80 carefully, and so well timed to their cnrved flight, that 
*' they cnt the escarp of Fort Tssy, forming all the grooves in the 
** masonry laid down in the schools as proper for the formation of a 
(( regular breach. But the difference is that the schools teach that 
** the gwns should be on the very glacis of the place, whereas the sTiort 
** 60'pounders were 1,950 yards from the cwrtodn of Fort Issy. They 
*' were neither of steel nor of bronze, hut of Cast-iron j for the small 
** charges used brifig no danger of burstmg, and Oast-iron is cheap. 
**The six short eO-pounders fired 2000 shells." Battery 21 also 
«« contained six of the new cast-iron short 60-pounders, which were 
** laid upon the curtain of Fort Vauves at 1600 yards distance. 
" From it were fired 1,880 long shells. " 

I am informed that these twelve guns were in fact nothing 
less than so many of the cast-iron service guns^ rifled without 
being strengthened. 

In Belgium such rifled guns may be seen in every fort. 
Whether these had been copied, or whether a few Belgian 
guns had been purchased and sent to Paris, is a point which 
cannot perhaps be traced. It will be noticed that the 
dimensions of the projectiles were not similar to those of the 
Prussian arms. 

By converting the old service guns into breech-loaders, 
they necessarily have to be considerably shortened ; and this 
would not improve their efficiency nor add to their strength, 
because an open tube must be weaker than one with a solid 
closed end. But it seems from the report that they did 
their work well. As then this is the first time that any such 
guns have actually been used in real warfare in Europe, I 
call special attention to the fact, because for seventeen years 
•I have been doing all in my power to prove to our authorities 
in England that such weapons might be used. 

Should these pages ever be seen by the officer who penned 
the above words, I would call his attention to the figures I 
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have given in the earlier part of this enquiry. He will there 
see that in this country cast-iron rifled service guns have been 
tried as successfully as those he saw before Paris. He will 
see also that English cast-iron unstrengthened rifled guns 
have proved themselves capable of commanding with accuracy 
(if ever it might be necessary,) some thirteen hundred yards 
greater range than any distance he mentions in his report to the 
Times. He may also observe that not one English rifled 
service gun that has been tried under 'proper conditions as regards 
charge and si/stem of projectile has ever yet failed : and that the 
only gun which was tested for endurance with service charges 
under these conditions, is still in existence at Woolwich, and 
has fired as many rounds as all six gun% in either of the 
batteries whose performances he witnessed. He will also see 
by the comparison at page 23 that English cast-iron rifled 
service guns are not necessarily inferior in power to breech 
loading guns of stronger metal ; and that when they are not 
called upon to bear excessive strain from hard metal studs or 
projections liable to override the rifling and become partially 
or wholly wedged within the bore, there is no danger to be 
apprehended of their bursting. They did not burst in France, 
when the rifling was only acting on yielding lead, neither do 
they burst in Belgium, nor in Prussia, nor in Russia, nor 
^other places where they are used. And they did not burst in 
England during eight years of experiments^ although other 
guns did which were tried with other shot. (Vide page 30.) 

How very remarkable then is the present position of this 
'Country in regard to arms. We have hardly any garrison 
guns to use, and yet we possess them in multitudes. They 
have been accumulating at home and foreign stations for the 
last hundred and fifty years ; and to quote the words of the 
late Ordnance Select Committee they are " as ^t to be rifled 
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now as when they were first made."* 

From a thousand to fifteen hundred good serviceable guns 
may at this moment be found at Malta ; probably as many 
at Gibraltar ; and nearly as many at several other stations 
of the first class ; besides considerable numbers at other 
places of less importance. Who can count them in the 
batteries all over England, Ireland, and Scotland? At 
Woolwich they may be seen in the store yards completely 
covering many acres of land. As they are^ it is admitted 
they are little better than so many dummies; what they 
might he^ if only a few hours labour were spent upon each 
of them, the facts and figures I have here placed on record 
will explain. 

But it may be said that we are turning our cast-iron guns 
into rifled guns. It is so. And I believe the Palliser guns 
to be deserving of the good opinion that has been formed of 
them; but — 

On turning once again to Lord Elcho's valuable return, 
it will be seen at page 15 of the parliamentary paper that 
the 64-pounders are converted at a contract price of £125 
each ; and this is not too much for the work that has to be 
done to them, and the machinery and time required. Still it 
is twice as much as the guns originally cost. 

The converted guns are stated in the return to weigh 71- 
cwt., and they fire projectiles of 64-lbs. My 56-cwt. and 
58-cwt. guns fired shells of 50-lb8, and those of 95-cwt., 
shells of about 90-lbs. The power with which they do this 
is compared at page 23, nothing is gained. But instead 
of costing £125, and occupying much time and labor, 
the work involved in the alteration I proposed may be 
judged of by the following extract from page 4 of the 
report of the late Ordnance Select Committee on this subject 
The rifling could be applied to smooth bore guns on a 
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* It is a well-known fact that Iron which is kept for many years 
after being cast, becomes much improved in quality. Our oldest 
guns are admitted to be the best in the service. 
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" large scale at a cost of not more than 10*. per gun, by 
'' extending the machinery of the Royal Gun Factories. It 
"is stated by Mr. Anderson that the system of Mr. 
" Bashlet Britten would be the least expensive. They 

"WOULD range from 7«. 6d, TO 10*. PER GUN." 

It may be admitted that the guns are stronger for being 
lined, but if they are strong enough without it, what is 
the good of lining them? They never failed when using 
the destructive powder which even the wrought-iron guns 
were found to suffer from severely, why should they be dis- 
trusted when we can use the new pebble powder for them, 
and get more out of them with absolutely half the strain ? 
It cannot be worth while to have the cast-iron guns converted 
at a cost of £125 each merely that they may be fired with a 
somewhat excessive charge of bad and destructive powder 
such as no other state will use. 

If Foreign soldiers are not afraid to use cast-iron rifled 
guns, why should British artillerymen hesitate, and talk of 
danger? The prejudices which have been created against 
them by unfortunate experiments with ill-considered schemes 
would speedily pass away with experience, and in a very 
short time the country might become thoroughly armed. 
But if these prejudices are to be suffered to rule, and wel 
established facts are to be ignored, when shall we get arms, 
and what shall we have to pay for them ? 

I conclude my observations by suggesting a point well 
worth consideration, which lies at the foundation of the 
matter under discussion. — 

As the power which can be employed in heavy guns 
is practically limited by the amount of recoil which can 
be controlled ; and as we must therefore have weight in 
the weapons proportionate to their power ; is there not to 
be found suijficient strength in so much weight of good 
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CAST-IRON as need be provided, when in future we shall 
cease to use powder needlessly violent in its action. 

Entirely opposed as this idea may be to the generally 
received opinions of the present day, theie are facts which 
are indisputable tending to give it strength. 

In the coinpnihensive comparison I have instituted in the 
table at page 58, it will be observed in tlie last column that 
even with our ^''jyoudre brutale" weight for weif/ht, ive get no 
more force out of expeudve iron than out of the cheaper 
material; and there are the remarkable facts which the 
invaluable experiments of the Woolwich Gunjxnvder Com- 
mittee have brought to light, {vide page 111) demonstrating 
that the })owder we have always used is twice as destnictive 
as it need be. 

If we could employ for guns material of infinite strength, 
we could use no more power than their iveight permits. 

If, by a stroke of magic we could " convert " all our cast 
iron guns into steel, we could then get no more work out of 
them than we may now, because of theit weight and their 
recoil; only let us abandon the use of had ]>owder, and 
not fire projectiles which are simply badly-fittuig screws, 
necessitating much extra strength in the gun as a provision 
agauist their fastening themselves in the thread they have 
be driven through at enonnous speed. For a screw to work 
smoothl}' in a thread which does not match it is a mechani- 
cal impossibihty. 



